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SUMMARY

A procedure is given for designing two-dimensional nozzles in which
the streamline coordinates are computed directly from tabulated flow
parameters and appropriate equations. The method of characteristics is
used to obtain the first part of the flow, which consists of a continuous
expansion from a uniform sonic flow to a radial flov. The Foelsch equa-
tions are then used for the transition from radial flow to the final uni-
form flow. Information is presented which enables the designer to select
and compute rapidly the wall contour for any nozzle or series of nozzles
for a wide range of length-to-height ratio, Mach number, and wall angle
at the inflection point. In general, a nozzle iIs determined by specifying
any two of these three parameters.

INTRODUCT ION

Recent experience obtained at the Langley Gas Dynamics Branch of the
National Advisory Committee for Aeronautics with the serodynamic design
and flow calibration of two-dimensional supersonic nozzles for wind tun-
nels has Indicated that a need exists for a more accurate and rapid design
method than the graphical and computational methods in common use. The
analytic equations derived independently by Foelsch and Atkin (refs. 1
and 2) partially fulfill this need since they are an exact solution to the
problem of generating uniform parallel flow from a supersonic divergent
radial flow. These equations give the required streamline coordinates
directly in terms of the assumed radial flow. The Foelsch-Atkin method,
however, has not been widely used because of the difficulties associated
with generating a divergent radial flow from a parallel sonic flow.

Atkin (ref. 2) reduced these difficulties to some extent by deriving
analogous expressions for expanding a uniform supersonic stream to a
divergent radial flow at a larger Mach nurber. Pinkel (ref. 3) has sug-
gested several convenient procedures for obtaining the transition from a
parallel sonic flow to a uniform flow at a slightly higher Mach number,
which is required in the Atkin solution, either by adaptations of the
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Prandtl-Meyer solution or by the use of a minimum-length "subnozzle" 10O
be computed by graphical methods. Although the procedures of reference 3
are iIn theory satisfactory, the peculiar shape of the resulting stream-
lines will ordinarily introduce practical construction difficulties or
other problems connected with boundary-layer development.

This report presents a computational procedure which provides for
the rapid and accurate calculation of any streamline In a series of
special flons. These flows were computed by the method of characteris-
tics and are designed to form continuous expansions from a uniform sonic
flow to divergent radial flons. The coordinates of any streamline through
these flows may be obtained from the tables included iIn this report by
linear interpolation. The nozzle contour is then completed by using the
Foelsch equations to obtain the transition streamline between the diver-
gent radial flow and a uniform supersonic stream. Information is pre-
sented In the form of tables and graphs which enables the designer to
select and compute the wall contour for any nozzle or series of nozzles
for a wide range of length-to-height ratio, Mach number, and wall angle
at the inflection point.

Detailed information is given on the boundary conditions and equa-
tions used for computing the characteristic nets and stream function.
Expressions relating the stream function to certain nozzle parameters
such as Mach number and length-to-height ratio are also derived. The
section entitled ""Nozzle Design and Computing Procedure™ is intended to
supply computing instructions for the reader interested only iIn the prac-
tical application of the tables and formulas to a specific nozzle design.

SYMBOLS

a speed of sound

h one-half the test-section height of symmetrical nozzle
(fig. 1(a))

herp one-half the minimum-throat height of symmetrical nozzle
(rig. 1(a))

A total length of nozzle (fig. 1(a))

M Mach number

r radial distance from source point in radial flow

Ter radial distance from source point to sonic arc in radial

flow (fig. 1(b))
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distance along Mach line

two-dimensional Cartesian coordinates

length of sonic line AA" (fig. 1(a))

ratio of specific heats; 1.400 used throughout
constant of integration for right Mach lines
constant of integration for left Mach lines
flow angle with respect to x-axis

maximum wall angle; also, scale factor, ycr/rcr

Mach angle, sin-l %

total expansion angle integrated from M = 1 (eq. (5))
mass density

stream function (eq. (17))

dimensionless stream function

The following symbols are used to represent points in the flow fields
and also as subscripts to denote the value of a flow variable at a partic-

ular point:

A,A'

B,C,D,E

end points of sonic line (fig. 1(a))

intersection points of certain right and left Mach lines,
(figs. d1and 2)

end points of sonic arc in radial flow (fig. 1(b))

upstream and downstream end points, respectively, on radial-
flow streamline (fig. 1(a) or 1(b))

any points on left and right Mach lines, respectively, in
radial flow

source point in radial flow (fig. 1(b))
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Subscripts:
m arithmetic mean value
o conditions after isentropic deceleration to zero velocity

ANALYSS (r PROBLEM

General Description of Method

The primary objective of this report is to provide a rapid method
for computing wall contours (that is, streamlines) which will generate
true radial flows from a known sonic flow. The Foelsch equations
(ref. 1)are then used to compute streamlines which provide the transi-
tion between the radial flow and the final parallel uniform flow.

Some typical streamlines and the associated flow fields are shown
in figure 1(a). The solid lines represent streamlines, with arrows indi-
cating the flow direction, and the dashed lines are used to represent
certain Mach lines which conveniently divide the flow into various regions.
These regions are defined in figure 1(a) as follows: Region I is the sub-
sonic approach upstream of the sonic line AA'; region II is the initial
expansion bounded by the sonic line AA' and the Mach line AB, region IIT
is the secondary expansion bounded by the Mach lines AB and BC; region IV
is the radial flow bounded by the Mach lines BC and CD; and region V is
the final transition flow bounded by Mach lines CD and DE. Since the
flow is symmetrical about the x-axis, only the flow above this axis is
considered.

The flow within regions II and III has been computed by the method
of characteristics with the initial conditions chosen so as to result in
a smooth, continuous expansion from the straight sonic line AA', coinci-
dent with the y-axis, to the first radial-flow Mach line BC. This cal-
culation was done by first computing the flow within region II, which
is based on a Prandtl-Meyer expansion at point A, and then selecting the
scale of the radial flow relative to region II so that the Mach nunmber
gradient along the x-axis is continuous at point B. The flow within
region III was computed next by using as initial conditions the previous
results along Mach line AB and the radial-flow Mach line BC. The latter
Mach line, as well as the flow anywhere within region 1V, may be com-
puted directly from the radial-flow equations or the tables included in
this report.

Clearly, any streamline passing through regions IT and IIT may be
used as a portion of a nozzle with the final design Mach number deter-
mined by the total expansion angle vp at point D. Variation of the

fs
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expansion angle vp at point B for a given value of vy changes the

amount of curvature obtained along the streamlines through regions II
and III. The final length-to-height ratio 1/h of any particular nozzle
depends not only on vy (which may be varied independently of vg) and

vg but also on the wall angle egr within the radial flow. This angle

is also the wall angle at the inflection point and hence is always the
maximum wall angle for any given nozzle. |In general, a nozzle is
uniquely determined by fixing any three of the four parameters, M,, vg,
1/h, and 8r. However, v should not be regarded as a completely arbi-

trary parameter since only four values of vg are used in this report.

The coordinates and the value of the stream function ¥ have been com-
puted and tabulated for each point in the various characteristic nets
required for regions II and 111. Any streamline through these regions
may then be obtained by simple linear interpolation between the tabulated
points since each streamline corresponds to a constant value of 7.

Application of the Method of Characteristics

The method of characteristics 1S a numerical procedure for solving
the hyperbolic partial-differential equations of motion by means of ordi-
nary differential equations which relate the dependent variables along
certain curves known as characteristics. Prandtl and Busemann were the
first to apply this method to problems of supersonic flow (ref. %) when
they developed the well-known graphical procedure for the construction
of steady, two-dimensional, isentropic flow. In the graphical method
the convenient concept was used that a discrete change in the flow occurs
across the Mach lines or characteristic lines, as described in detail by
Puckett (ref. 5). Others (for example, refs. 6 and 7) have indicated
that a flow field can be obtained just as easily and probably more accu-
rately by computing directly the change in flow variables along the char-
acteristic lines. Ore of the principal advantages of such a computing
procedure is that the flow properties are specified at a definite point
rather than within a finite region so that, for example, the coordinates
of a streamline through a completed flow field can be obtained more accu-
rately and with less work. Improved control of mesh size and distribu-
tion is another advantage which results from computing the flow variables
along the Mach lines rather than across them.

The characteristic lines for steady flow are given by the following
equations (from ref. 7):

Right line

Y~ tan(e - u) (1)
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Left line
% = tan(e * u) (2)

where, for the case of plane, irrotational, isentropic flow, the dependent
variables along the characteristic lines are related by the equations:

Right line

<
+
@
Il
e
Il

Constant (3)

Left line

vV - 8 = n = Constant {4)
The right and left families of characteristic lines as used in this
report are defined in figure 2(a). The relation between v and pu is
given by the equation

[7+1 !-
v =% tan™t Z——-—]—'cotp +u -2 (5)
y -1 y + 1 2

Values of u are tabulated as a function of v for a large range of
values in table 1. Thus, & and p are used as the dependent variables
in computing the characteristic net. The Mach number may then be obtained
from table I, and any other desired flow variable, such as pressure or
velocity, may be obtained from standard supersonic-flow tables.

The procedure used herein for computing the characteristic nets is
illustrated by the following sketch:

Left Mach line
n = Constant

Velocity vector

o3

Right Mach line
¢ = Constant
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Assume that the coordinates and flow properties are known at points 1
and 2 and that the coordinates and Tlow properties are desired at
point 3 where the right and left characteristic lines through points 1
and 2, respectively, intersect. From equations (3) and (k4),

G5=6
(6)

and, by addition and subtraction of equations (),

v = 91 - 92 N Vl + V2
3 =
2 2

01 + 6o vy - Vo
6 +
5 2 2

it

From table | Mo is obtained as a function of V33 then xz and ys

are computed by assuming that the small curved segments between points 1
and 3 and between points 2 and 3 may be replaced by straight lines with
the slopes

(06 -y + (6 - )y
L

tan(e - p)y, = tan

tan(9+“)2+(9+”)5

tan(e + p) >

Boundary Conditions and Equations for the Flow Fields

The subsonic approach (region - The calculation of the supersonic
portion of a nozzle 1s simplitied by the assumption of a straight sonic
line; however, the question naturally arises as to whether a subsonic
approach which will iInsure a reasonably straight sonic line can be cal-
culated. According to a general theorem proved by gértler in reference 8,
a straight sonic line normal to the axis is always obtained when the
velocity gradient along the x-axis vanishes at the sonic point. Fyrther-
more, Gdrtler shows that, under these conditions, the curvature of the




8 NACA TM 3322

streamlines and the velocity gradient along them must be zero at the
throat. Gortler gives the equation for the streamlines in the simplest
example of this type of flow as

y = c(1 + 0.192L4x6)

where ¢ is a constant for any given streamline. Unfortunately, no
direct experimental evidence confirming this theorem appears to exist
at present; however, practical experience has indicated that a rela-
tively long, smooth curve which approaches zero curvature at the throat
gives satisfactory results.

The initial expansion (region II).- The computation for region 11
is based on the boundary conditions of a uniform parallel flow along the
sonic line AA' coincident with the y-axis, a Prandtl-Meyer expansion at
point A, and zero flow angle along the x-axis.

The flow in this region, which is bounded by the straight sonic
line AA'" and the Mach line AB as shown in figure 1(a), has been com-
puted up to wvg = 429, corresponding to Mg = 2.626. The values of v,

X[Yers Y/[Yers and § for each point in this flow are tabulated in

table II(a). The corresponding values of & may be obtained from the
tabulated values of n and v and equation (4).

For convenience in discussion and tabulation, each left Mach line
is designated by a lowercase letter and each right Mach line is desig-
nated by a number. Then a point in the flow field is designated by a
lowercase letter and a number which indicate the intersection point of
those particular right and left Mach lines, as illustrated in figure 2.
As an example, point B in figure 2(a) would be designated by the nota-
tion (m,13).

The radial flow (region 1V) .= A plane radial flow (or source flow)
is defined as one in which all dependent variables are a function only
of the distance r from a fixed point in the plane. This leads to the
expression (ref. 1, for example)

7+1

2(y-1)
== g2 <1+-7——;—1-M2 (7)

Ter 7+ 1

which is the same as the well-known area-ratio equation in a one-
dimensional flow. The length rer is the radial distance from the

origin to the sonic arc SS', as shown in figure 1(b). The streamlines

within the radial flow are straight lines which, if extended, would
emanate from the origin of the radial flow, say, point 0 in figure 1(b).
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With the aid of equation (7) and this property of radial flow, the
exact coordinates of any point on a Mach line may be computed without
recourse to a step-by-step calculation. As an example, the coordinates
of any point P' along the Mach line BC in figure 1(a) or 1(b) are com-
puted as follows: The flow angle @pr is used as a parameter, and by

making all lengths dimensionless in terms of y.,., there are obtained
from the geometry of the flow as shown in figure 1(b) the relations

r
.S 3 Zer( T cos Opr X _fer(r (8)
Yer/pr = Yer\Fer/ps ~ [\Jer/p ycr\rcr B
and
A - fer(r sin op (9)
Yer P! Yer \Fer P!

The terms within the brackets in equation (8) locate the origin of the
radial flow at point 0. The value of (r/rcr)P, is obtained from equa-

tions (5) and (7) or table 1 as a function of vp', which is written as

vp! = vp + GP: (10)

from equation (4) with e = 0. The coordinates of a point P along a
right Mach line CD are computed from equations (8) and (9) (with sub-
script P' replaced by P) where again (r/rcr)P is obtained from

table I as a function of ,, which is given by equation (3) as

vp = vp - Op (11)

The values of vg and vp are fixed by the design Mach number Mp and
other properties of the complete nozzle, as discussed later.

The secondary expansion (region 111). - The flow in region III, which
is bounded by the Mach lines AB and BC (fig. 1(a)), was computed by the
method of characteristics by using initial conditions which result in a
continuous curvature and velocity gradient along all streamlines between
the sonic line and the Mach line BC. These conditions are obtained (as
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can be proved by reasoning similar to that of ref. 9) by specifying a
continuous Mach number gradient along the x-axis through point B where
the computation for the secondary expansion begins. The Mach number
gradient along the x-axis within the radial flow is

7-1 5
M1+ —M
aM _aM _( 2 >

af-2- af= Z-(w2 - 1)
Ter y=0 Ter cr

by differentiation of equation (/). The Mach number gradient along A'B
was obtained from a large plot of Mo against x/y.,. resulting from

the solution for the initial-expansion flon. Equating these two slopes
at point B gives

(12)

al =X ..L_(M2 - 1) Ter
Yer ) Ter

B _
where equation (12) has been multiplied by the ratio ycr/rcr so that

all lengths are made dimensionless in terms of Thus the Mach num-

ber gradient in the radial flow iIs matched to thecg;*adient in region II

along the axis of symmetry by multiplying the conventional coordinate of
the radial flow by the scale factor

(13)

ycr

ycr= __ii_l\}%__ i%;(Me‘)
S

as obtained from the previous equation. The reciprocal of this scale
factor is the maximum wall angle ¢ .., as can be shown by the following

considerations: The streamline through point A (fig. 1(a)) forms the
physical limit to the flow considered herein and iIntersects the Mach
line BC in the point C. IF a straight line is extended upstream from
point C with the same Inclination as the local flow angle at this point,
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it will pass through point 0 (fig. 1(b)) since radial flow is attained
all along the Mach line BC. Then, from mass-flaw considerations, the
length of the sonic line Yer must be the same as the length of the
sonic arc $8S' in a hypothetical radial flow with the origin at 0O as
shown in figure 1(b) . Hence

Yer
—— = Omax (14)
cr

dM

d(&/ycr)

y=0

where 8p., s in radians. The numerical values of 6p,, ’

and (X/ycr>y=0 are listed in table II(b) as functions of v

In order to provide for a wide choice of 1/h and eg, four differ-

ent flows for region IIT have been computed. These flows are started along
four different Mach lines taken from the flow in region II corresponding
to values of wvg of 69, 12°, 229, and 40°. The information needed to

obtain any streamline in these flows is listed in tables III(a)
to I1I(4).

The final transition flow (region V).~ Region V is bounded by the
radial-flow Mach line CD and the straight Mach line DE as shown in fig-
ure 1(a). The coordinates for any streamline within this flow are given
by the Foelsch equations (ref. 1). In the present notation, these equa-
tions may be written as

(_£_> r

Fer/p cos 0 Ter

X - cos Op + (BR - SP)( P - sin 6p ¥ (__}i_> - ._____.Bi
B

(15)
r
— sin
% B (rCI')P sin sin eP + COS 9P> (16)
Vor = Omax 6p + (6% - Op
cr tan up

where the scale factor Omax is used to make all lengths dimensionless

in terms of y..; 8y,x and the difference or - 6p are entered in
radians. The terms within the last brackets in equation (15) locate
the origin of the original Foelsch coordinates at the point 0. Equa-
tions (15) and (16) are used by first selecting the values of ,; (or
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Mp), ©Rr, and vg. Then, with 8p as the parameter, the corresponding -
values of ,_ are obtained from equation (11), which, in turm, determine
the values o% Mp and (r/rcr)P from table 1. The values of 6,,, and -

(x/yer) g are given as functions of vz in table 11(b).

A property of the Foelsch nozzles, 1In common with most conventional
supersonic nozzles, is the discontinuity iIn curvature occurring on the
streamlines at the Mach line (D. For applications where this disconti-
nuity is undesirable, as for flexible-wall nozzles, certain modifications
which eliminate the discontinuity may be Introduced into the boundary
conditions for this transition flow (see ref. 9).. In order to utilize
the tabulated flows In this report, such a modification would consist of
fairing the Finite slope of the Mach number distribution curve iIn the
radial flow at point D into a smooth curve with zero slope and M > mp

at a point dowmstream of D. The transition flow must then be recalcu-
lated by the method of characteristics by using this extended center-
line distribution and the Mach line CD as the iInitial conditions.

It may be noted that a Foelsch streanline can be used as an exact
solution for the design of a variable Mach number nozzle with a rigid
contour, that i1s, nonflexible walls. This application of the Foelsch
equations is discussed iIn detail In the appendix.

Streamlines in Regions II, 111, and IV

Calculation of the value of a stream function at each point iIn a
characteristic net provides an easy way to obtain streamlines through
the flow, since by definition the stream function iIs constant along a
streamline. Integration along a Mach line of the mess flow normal to
the Mach line gives the stream function

w:fospads (a7)

where o 1S the mass density, a 1is the speed of sound, and s 1is the
distance along a Mach line. The lower limit of integration is taken as
the x-axis. Introducing the isentropic-flow relations for p/p, and

afao and using y,,. as a reference length in equation (17) results in
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2(1-
_L=fs/ycr<1+7_lM2>( 7)d_s_.
PoloYer 0 2 Yer

For convenience iIn computation, this equation may be written in the form

7+l
2(y-1
¢ - (7 + l> (7-1) ¥ =fy/yCr 1 d( y> (18)
2 PoBoYer 0 M I_‘_r__ sin(e + p) \er
cr
_ _ dy
by the use of equation (/) and the general relation ds = ————
sin(e + u)

The iIntegration is still carried out along a Mach line.

The value of ¥ within the radial flow is obtained by integration
along the arc of radius r. The result is

if - P ay _Ir Tor 5
PoBoder Po 8 Ter Yer

since p, M, and a are constant along the arc. Introducing the
1sentropic-flow relations as before then gives

¥ = (19)

where the value of 6,,y depends on vgp, according to equations (13)
and (14) or table 11(b).

Equation (18)was integrated numerically along the left Mach lines
for the different flows by using a trapezoidal rule of the form

¢! Yi.1 - ¥
-Zl 1 1 i-1 i
:Ign"' _2' +

=1 (—1‘_ M> (_.1:_ > X (6 +u)yq + (8 +u)y
r r sin
¢ /i i 2
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The values of § have been computed and tabulated for each point in
the initial-expansion flow of region IT (table Ir(a)) and the four

secondary-expansion flows for region III (tables ITI(a) to ITI(d)).

The coordinates of any given streamline corresponding to a fixed
value of § in a particular flow field are then determined by linear
interpolation along the Mach lines. The local flow angle ¢ along the
streamline is obtained from equation (4), where the"value of , js
obtained by linear interpolation in the tables. Plots of the variation
of tans with X along typical streamlines indicate that the maximum
deviation of any particular point from a smooth curve is less than
tan 8 = 0.0005 which corresponds to an error in local flow angle of
less than 0.0%°. Thus, the streamline coordinates obtained from the
tables as just described may be used directly for nonviscous-flow nozzle
design without further corrections or refinements.

Relations Between Length-to-Height Ratio, Design Mach

Number, and Wall Angle at the Inflection Point

The length 3 ofF any nozzle (see fig. 1(a)) is written in terms
of Yo @s

or

— = r D + —22—- - B + h cot (L
) y D
B max cr

Jer max Yer

since Yer = Opax  from equation (14). Divisionby = -h— e =
Ter Ver Per Yer

B8R’ , ) i
<r> eR gives the length-to-height ratio as -
r max

cr D

E O A
1, Yer)p ~ Omax\Ter B

1
E - 6q (r R’ + ot up (20)
),

Ter/ny 9max
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For the case where v = vp,, combining equations (3) and (4)
applied to the Mach lines bounding region IV gives

206R' = vp - v (21)

so that equation (20) can be written as

= (YCL/B - emx( >
€ S

where 6psx, 6gr', and vp - vy must be entered in radians.

1
h v

2 + cot up (22)

NOZZLE DESIGN AND COMPUTING PROCEDURE

The purpose of this section is to supply sufficient information so
that the design parameters and streamline or contour coordinates for any
complete nozzle may be calculated without referring to the previous dis-
cussion; however, useful background material iIs given in the section
entitled "‘General Description of Method."

Selection of Nozzle Parameters

The number of Independent parameters available for any particular
design depends on whether the streamline forming the nozzle contour may
consist In part of a straight line or whether It Is to be continuously
curving. For the former case, which is considered as example 1, the
choice of any three of the four parameters p, vg, 1/h, and op

determines from equations (20) and (19)all that is required to compute
the complete streamline, since 6y = §x'. For the other case, considered
as example 11, fixing any two of these four parameters determines the
nozzle from equations (21), (22), and (19). OF course, vg would not
ordinarily be considered as a completely iIndependent parameter since
there are only four values used iIn this report.

The ratio from equation (22) has been plotted as a function
of Mp_ in figure % for the four secondary-expansion flows computed herein.
Thus,” if a nozzle of the type in which the wall streamline intersects the
radial flow at only one point is desired, equation (22) or the corresponding
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curves in Figure 3 determine the value of 1/h for given values of vp
(or M from table I) and vg. The value of egr: 1is found from equa-

tion (@D. The three curves for vy = 69, 12°, and 22° are terminated
at the point where 6Rr' = 8yax-

For some applications, values of 1/h or sr that do not satisfy
equations (21 and () may be required. In this case, the desired com-
binations of Mp, 1/h, and er may be obtained by utilizing a stream-
line that passes through the radial-flow region with the inclination oR-
The portion of the streamline within the radial flow iIs then a straight
line with its end-point coordinates given by equations (8), (9), and (14).
The length-to-height ratio for this type of nozzle i s obtained from equa-
tion (). Then, for given values of vp and vy, this length-to-height
ratio is greater than that of a nozzle with vR = vg+ since oy IS

larger for the latter type of nozzle. Consequently, for fixed values

of 1/h and Mp corresponding to a certain point in figure 3, the possi-
ble choices for vg are restricted to those curves lying to the left of
or below this point. The associated value of 6r 1Is obtained from equa-

tion (20) as
r r X
e - [ —— + 0 e
6 <r°r>D (rcr>B max(ycr)B
R =
r 1
w——) (= - cOt )
(rch(h uD

where 6p,, and 6y are In radians (emax is listed iIn table II(b)).

(23)

Also plotted in figure 3 for comparison is a curve of 1/h against
Mach number for minimum-length nozzles. A minimum-length nozzle of
final Mach number Mp 1is obtained from the initial-expansion flow with
a streamline through point A (see fig. 1(a)). The length-to-height
ratio for this type of nozzle is written as

+ cot up

1=<x> 1
h Y r
B

The present computation of the iInitial-expansion flow has been carried
out only to Mg = 2.63; hence, the results of reference 10 are used to

extend this curve for a minimum-length nozzle up to Mp = 10.
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Example I.- Compute the required parameters for three nozzles of
the same length-to-height ratio but with final design Mach numbers of 2,
3, and 4.

Examination of figure 3 shows that a nozzle with Mp =4 may be
obtained on either the vg = 220 or 40° curve. At vy =220, r-Z]- = 6.37

66 - _
and eg' = Teg = 22° (from eq. (21)), and on the vg = 40° curve,

%: 832 and eg' = M = 13°. Thus, an intermediate value of ey

can be obtained with 8.3 >% >6.4. Choosing 1—11- = 7.0 then fixes the

values of 6r from equation (23) for given values of vg and Mp as
follows:

Mp = 4.0 Mp = 3.0 Mp = 2.0

'8 8 )
deg R» R» OR»

© deg ¥ deg L deg v
22 17.52 0.482 12.22 0.336
12 17.09 .680 11.4%0 45k 6.23 0.248
6 16.83 10.91 .713 5.26 .34l

(> 6max)

where ¥ = 6R/6max TFrom equation (19). Note that, for a given point in
figure 3, values of vg are used only from the curves which are to the

left of or below the point considered. Obvious exceptjons to this state-
ment occur when 6 > 6pny, as for the case in which % = 4.0 and

Vg = 6°. Also of interest is the fact that ¥ increases as vp decreases

for a given value of Mp. Since ¥ at point A is always unity (from

eq. (19) with 8 = 6yax), the value of ¥ for any particular nozzle is a
rough measure of the curvature of the streamline; that is, a large value
of ¥ indicates a high curvature.

Example II.- Compute the required parameters for a Mach number 5
nozzle with minimum length-to-height ratio using the available values

of g.

All the nozzles in example 1 utilize streamlines that pass through
the radial flow so that this portion of the contour is a straight line.
If this straight-line section is undesirable in a particular application,
the nozzle parameters are obtained directly from the curves of figure 3.
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Thus, for a nozzle with My = 5.0, the minimum value of 1/h is 6.95 for

77—;22 = 27.5° from

equation (21), and ¥ = 27.5/36.320 = 0.757 from equation (19).

vg = 22°. The corresponding value of gt is

Calculation of Streamline Coordinates

Value of the stream function.- If the final design Mach number M,
initial-expansion angle vg, length-to-height ratio 1/h, and wall
angle at the inflection point oR have already been selected or are

available, the first step is to compute the stream function ¥ from
equation (19)

<)
w=eR
max

where 6,., depends on vg as listed in table II(b).

Streamlines in regions IT and 111.- A complete layout of the char-
acteristic net for regions II and III with vg =6° is shown in fig-

ure 2(a). The Mach lines are represented by the solid lines and the
long-and-short-dash line represents the limiting streamline for ¥ = 1.00
(that is, no streamline is possible for § greater than 1.00). Region II
is bounded by the sonic line AA', the right Mach line AB (line 13 in

fig. 2(a)) and a portion of the center line A'B. Region III is bounded
by Mach lines AB and BC and the limiting streamline. Figures 2(b), 2(c),
and 2(d) show the general outlines only of regions II and III for

vp = 120, 220, and 40°, respectively. Note that ¥ = 0.698 on the
limiting streamline for wvg = 40°. The computations were arbitrarily
stopped when this value of ¥ was reached because larger values of ¥

with  vg = 40° would result in Mach numbers too high to be practical
for two-aimensional nozzles.

The dimensionless Cartesian coordinates x/ycr and y/ycy of any
streamline (corresponding to particular values of er and §) in

region II are determined by linear interpolation in table 11(a) with ¥
used as the argument. Starting at the sonic line AA', the first point
on the streamline is always x/yor = 0 and Y/Yer = 1. The next point
is obtained at the intersection of the streamline with the right

Mach line 1 (see fig. 2(a)). The coordinates of this point are found

by linear interpolation, according to the given value of §, between the
point (a,1) (x/fyer = 0.14243, Y/yer = 0, ¥ =0) and the point A
(x/yer =0, ¥/¥er = 1.00, § = 1.00). Similarly, the next point is

found by interpolation along the right Mach line 2 between the
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points (a,2) (x/ycr = 0.15675, ¥/yor = 0.08423, ¥ = 0.08420) and

point A. This procedure is continued until the point on the left Mach
line a ((a,3), (a,4), etc.) is reached where the tabulated value of §
is greater than the given value of §. This indicates that the stream-
line has crossed the first left Mach'line a. A sample streamline for
¥ = 0.34k, shown in figure 2(a) as a short-dash line, crosses Mach

line a between points (a,5) and (a,6) since ¥ = 0.31023 at (a,5)

and ¥ = 0.34507 at (a,6). However, depending on the values of ¥

and vgp, a streamline may pass completely through region II without
crossing the left Mach line a. As can be seen by inspection of fig-
ures 2(a) to 2(c), this occurs when § >0.5507 for vz =6°, $ > 0.6300
for vg =129, and ¥ >0.7039 for wvg =22°. For vp = 40° the maxi-
mum value available is ¥ = 0.698.

When the given value of ¢ 1is less than these limits, the stream-
line enters that portion of region II which is downstream of the Mach
line a, and the interpolation process is continued in table II{a). In
general, a sufficient number of points may be obtained by interpolating
along the left Mach lines only. In any case, this is the most convenient
procedure since the points along the left Mach lines are always tabulated
successively. Interpolation is continued in table II(a) until the stream-
line crosses the last right Mach line in region 11. Again, as is obvious
from inspectidn of figures 2(a) to 2(a), this limiting right Mach line
is different for the four different values of .5, Table II(a) cannot
be used beyond this limiting right Mach line, which is line 13 for
vg = 62, line 17 for vg = 129, line 22 for vg = 22°, and line 31 for
VR = Loo.

After the streamline enters region 111, table III(a) is used for
vg = 6%, table I1I(b) for v = 12°, table III(c) for wg = 22°, and
table I11(d) for wvg = 40° as indicated in figures 2(a) to 2(d). A
sufficient number of points in region IITI may also be determined by
interpolation along the left Mach lines only. The local values of ¢
along the streamlines in both regions II and III may be determined by
interpolation between the values of 6 at the tabulated points as com-
puted from the tabulated values of v and 7 by using equation (4),
which is 8 =Vv = y. Similarly, any other flow variable may be deter-
mined by interpolating for v according to the desired value of § and
using table 1 to find the corresponding Mach number.

Streamlines in region IV.- The flow within region 1V is always radial
flow; that is, the streamlines are straight lines which, if extended
upstream, would all emanate from a common point. The streamline forming
the wall contour of a nozzle may or may not enter the radial-flow region.
O the one hand, the streamline may contact the radial flow at only one
point (vR = vR'), which will then be the inflection point of the nozzle.
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O the other hand, if the streamline passes through the radial flow (VR

4 VRQ, this portion of the nozzle will be a straight line. The coor-
dinates: of the first point on this straight line are computed from equa-
tions (8) and (9) , which, by the use of equation (1%), are written as

2.5 =2 [T cos OR!' + X — r (24)
Yer R' Omax \Fer R' Yor B Bmax \Ter B

_z_ = ——-—:L A5 < sin eR! (25)
Jer/ g Omax \Ter R '

where 6., is entered in radians. The value of (r/rcr>R, is found

from table I as a function of vp., which is given by equation (10) as

VRI = VB+6R

since 8r = 6g:. The values of <x/ycr>B, Omax» and r/rcr>B needed

in equations (24) and (25) are all obtained from table II(b) as functions
of vg.

Note that vg: = vg Wwhen the streamline has no straight-line section,

and for this particular situation there is obtained from equation (11) the
relation

VRx-—VR=VD—6R

Streamlines in region V.- Region V is bounded by Mach lines CD and
DE as shown in figure 1(a). Parallel and uniform flow at the design Mach
number Mp is attained along the straight Mach line DE. The streamlines

within this region are computed from the Foelsch equations (ref. 1)which
in the present notation may be written as
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( : ) <r>
Ter : cos 9 Ter
P €os Op + <9R - 9P><-—-——P - s8in 9P> + (—-—X> - _é____B
B

X _
Yer Omax tan up Yor max

T
(I‘cr> sin ©
yy = S PE‘_H eP + <9R - 9P>( P + cOos 9P>
cr max

where 6pgx and the term oz - 6p must be entered in radians. The

computing parameter in these equations is ep, which may vary from

6p =0 to 6p = 8Rr. The corresponding values of (r/rcr p and up
are obtained from table I as functions of vp, which is given by equa-
tion (11) as

vp = vp - Op

The value of vD Is also determined from table 1 from the given value
of Mp. The values of 6.y, (X/Ycr g» end (r/rer p @are given in
table II(b) as functions of vg. Note that the first point on the Foelsch

streamline is obtained with e6p = g and corresponds to the end point of
the straight-line section for the case of vR # vg' or to the inflection

point for vg = vR'.

The final nozzle coordinates are obtained to the desired scale by
multiplying all dimensionless coordinates by a suitable factor.

CONCLUDING REMARKS

A method is presented for computing flows which generate supersonic
radial flows from a parallel and uniform sonic flow. The coordinates of
each point in the characteristic nets and corresponding values of the
stream function have been computed and tabulated for several flows of
this type. The coordinates of any streamline in these flows may be
obtained to a high degree of accuracy by simple linear interpolation
between the tabulated points for the required value of the stream func-
tion. The local flow angles along the streamlines may be obtained in
the same way. The supersonic nozzle design is then completed by matching
one of these streamlines to a streamline computed from the Foelsch equa-
tions for the transition from radial flow to the final uniform parallel



22 NACA TN 3322

flow. Graphs and formilas are included to aid in the selection of nozzle
parameters for a wide range of Mach number, length-to-height ratio, and
wall angle at the inflection point. In general, a nozzle is determined
by specifying any two of these three parameters.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October 4, 1954,
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APPENDIX

APPLICATION G THE FOELSCH EQUATIONS TO THE DESIGN OF

VARIABLE MACH NUMBER NOZZLES

Anallytic expressions derived by Foelsch (ref. 1) give the coordinates
of streamlines in a transition flowv which generates a uniform parallel
supersonic stream from two-dimensional supersonic radial flow. Rotation
as a unit of any single streamline about the radial-flow origin results
in a continuous variation of the Mach number and relative location of the
uniform-Flow portion, as can be shown by rotating the X- and y-axes
through an angle 23 (where 28 may be erther positive or negative) and
applying the resulting transformation of coordinates to the Foelsch
equations.

The coordinates of any point K along the streamline CE in the
following sketch

v 4 '
y

are given by the Foelsch equations as

"X\ = () cos op + (ec - 9P> '\IMPE - 1 cos 0p - sin 6p (A1)
Ter X Ter p

e - 6

sin 6p + (9'0 - eP> GMP2 - 1 sin 8p + cos 8P> (A2)
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where the origin of the radial flow coincides with the origin of the
Cartesian coordinates. Two-dimensional radial flow is assumed to exist
within the region bounded by the Mach lines BC and CD. Uniform flow,
parallel to the x-axis, exists downstream from the straight Mach line DE.
Although details of the mathematics are not included herein, 1t is easy
to verify that rotation of the x- and y-axes, through the angle A8 to
the new axes X' and y', and application of the coordinate transforma-
tion to equations (Al) and (A2) results in equations for x' and y'
which are exactly the same as equations (A1) and (A2) except that 6p
and o¢ are replaced by epr and 6gr where 8gr =98¢ - M. This

shows that the streamline CE is also a portion of a streamline required
to produce a uniform flow at a Mach number of Mp' from a radial flow
bounded by the Mach lines B'C and CD'. That is, the streamline CE forms
a portion of a new nozzle with the final Mach nuniber of Mpt >Mp for

negative values of A8, and Mp* < Mp for positive values of A9, where

the x'-axis forms the new line of symmetry. The same conclusions may be
obtained, perhaps in a more straightforward manner, by inspection of the
geometrical relations between the radial flow and transition flow as
indicated in the above sketch. Thus, any streamline OP within the radial
flow can serve as a line of symmetry; then, since all left Mach lines
such as PK within the transition flow are straight lines, the normal
expansion along Mach line CD (or its extension) is in effect cut off by
the new line of symmetry resulting in a uniform-flow region PKF.

These results can be applied to the design of a variable Mach num-
ber nozzle by constructing the section of the nozzle contour CE as an
adjustable scoop designed to utilize only a part of the radial flow as
indicated in the following sketch:

A

y

4
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Radial flow is produced within the entire region BC'D' by the throat sec-
tion AC'. This throat section is designed according to the method dis-
cussed in this report. Thus, at the lower position CE, a uniform-flow
test rhombus is produced within the region DB (since the x-axis is a
line of symmetry, only the upper part of the nozzle is shown), and that
part of the radial flow passing through the arc CC' is discarded. To
obtain a larger Mach number, the solid section is rotated outward about
the origin of the radial flow to C'E' or any intermediate position. At
the position C'E' a uniform-flow test rhombus is produced within the
region D'E"F' and all the radial flow is utilized. The line E'E"F’' is a
Mach line originating at point E'.

The actual construction and operation of a variable or adjustable
Mach nunmber nozzle of.this type would naturally be limited by various
physical considerations. The lower 1imit of operation, corresponding
to positive values of A8 and Mp' <Mp would be determined by the
onset of choking as the height yr 1is reduced. The upper limit of

operation would probably depend on the diffuser design. Certain mechan-
ical design problems, such as the relatively large longitudinal displace-
ment of the test region, would also limit the range of operation.

In order to indicate the possible range of Mach numbers and general
utility of the above scheme, the quantities Mp, Mp', yg/her, ¥E'/Bers

YE" /hers ¥E/ber, and xg"/her have been computed for various arbitrary

values of 8¢ and 6¢'. The four values of vg corresponding to the

four different secondary-expansion flows as shown in tables 111(a) to
I111(d8) have been used in this computation.

vBs | 8¢ X | JE_ | 8C'y | n., Xg" YE" | YE!
deg | deg * her her deg D her her her
6 | 2.0]1.89 6.10 | 0.202 | 15.30 | 2.39 039| 0202 | 1.61
12 | 3.0 2.54 7.053| .328]25.13| 3.74 21.0 433 [ 205
22 | 5.0}3.82| 19.0 [ 1.25 [ 3632 | 7.76 289 3.48 |10.

4o | 8.0[5.53 |11k 9.02 | 33.50 | 12.06 | 2,660 347 |56-9

For the convenience of the designer the formulas needed to compute the
VB 90, and GC',

parameters are as follows:

For given values of

' - %8¢’ T VB

vp = Vv + B¢ + B¢
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I A
2(y-1)

imf, , r-1

1+7;1MD2

This equation may be derived from considerations analogous to those used
in reference 1to obtain the length of a left Mach line in the transition
flow.
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TABLE 1.~ SUPERSONIC-¥LOW VARIABLES FOR 7= 1.40

:i'ég M Ség tzer ;ég e :.ég r/ Ter ;z’eg M
0 1.0000 | 90.000 | 1.00000 ([ 2.37500 | 1.1497 | 604 1.00739 || &.75000 | 1.2460

.03125 | 1.0079 | 82.837 | 1.00005 | 2.k0625 | 1.5 | 60.310 Lot || k8125 | 1.2481

06250 | 1.015 80.985 | 1.00013 %f&% 1.155 60.13 1.01803 || 4.81250 | 1.2493

09375 | 1.064 79.686 | 1.00022 1.1539 | 60.069 | 1.01835 || k.84375 | 1.5

12500 1.019 8.66 1.00083 2.50000 1 5.9 1.01867 || 4.87500 1 X517

15625 1.0232 71.787 1.0004k || 2.53125 | 1.1567 | 59.832 | 1.01899 {| 4.906257| 1.509

8750 | 1.0262 | 77.029 | 1.00056 || 2.5 1 0715 | 1.01931 || #.93150 | 1.4

21875 | 1.0001 76.353 | 1.00069 | 2.59375 1159k | 59.600 1.01964 || 4.96875 | 1.2R3

.25000 | 1.0318 B.740 100083 2.62500 | 1.1608 9456 1.0199% 5.000 1.2565

28125 | 1.0 ™.176 | 1 2.65625 | 1.16212 | 50371 | 1.02029 || 5.125 1.2612

231250 | 1. 74_% 1.00112 |[ 2.68750 | 1.1635 | PP 1.02062 || 5.250 1.2680

SuE75 | L.039% | /AL 1.00127 || 2.73875 | 1. 9.147 1,02095 || '5.375 1.2106

37500 | 1.0418 | 13.708 | 1.001k2 || 2.75000 | 1.1682 | .06 | 1.02129 || 5.50 1.27%3

Jhob2s | 1.0k | 73274 1 2. 1.16/5 58.926 | 1.02162 || 5.6%5 1.2719

43750 | 1066 | 23 1.00176 || 2. 1.169 B8/ | 1.029% || 5750 1.2846 .

46875 | 1.0887 | 72473 | 1.00192 || 2.84375 | 1.1702 | 53.700 | 1.02230 || 5.85 1.282 9.8

50000 | 1.0509 | 72.099 | 1.00210 || 2.87500 1.1716 58.601 | 1.0226% || 6.000 1.298 50.619

-53125 1.0690 .7 | 1.00228 2.9065 1.173 8.4% 1.02298 || 6.125 1.2983 50.373

56250 | 1.0861 3y 1.00246 || 2.93750 | 1.17 3.30 1.02332 || 6.250 1.3029 | 50.131

59575 | 1.0672 | 7L066 | 1.00265 || 2.96875 | 1.1795 | B84 1.02%7 || 6.3 1305 | 49.88

62500 | 1.06%2 T0.Th7 10028k 3.00000 | 1.1769 | 58.180 | 1.02401 || 6.500 1.320 %9.658

65625 | 1.0613 | 70.438 | 1.00808 3.5 5.077 1.02436 || .6.625 1.3166 29427

68750 | 1.06R g.l 100322 |[ 3.06250 | 1.17%65 | 57.95 1.02k70 {l 6.750 1.3210 | 149.199

71875 | 1.0682 1.003%2 || 3.09375 1 57.873 | 1.02506 || 6.8715 1.3255 | 48.974

75000 | 1.0671 % 1.00363 || 3.12500 | 1.1821 571.712 1.02541 7.000 1.330 48.753

B 5 1.0690 6. 1.00383 3.15625 1.183% 57.672 1.0256 7.125 1.3 48.534

81250 | 1.0709 | 69.032 | 1.00kok | 3.18750 5752 1.02612 || T.25%0 13390 | 43.318

84375 | 1.078 774 1 3.21875 | 1.1860 | 57473 | 1.02648 || 7.3H 1.33% 48.16

.87500 | 1l.0746 | 68.522 | 1.00447 || 3.25000 | 1.1873 57.35 1.02683 || 7.50 1.3k78 47 8%

.90625 | 1.076% | 68.277 | 1.00468 || 3.28125 1.1886 57.278 | 1.02719 || 7.-625 1.%523 47.688

.93750 | 1.0783 | 68.037 | 1.o0kg0 || 3.31250 1.180 57181 | 1.02755 | 7.790 1.367 | b7.h84%
196875 | 10800 | 67.803 | 1.00612 3-34375 | 1.1922 | s7.085 | 1.02/91 |} 7.8H 1.3611 | 47.281
1.00000 | 1.0818 | 67.574 | 1.00535 || 3.37500 | 1.1925 | s6.990 | 1.02828 i 8.000 1385 | 4B
1. 1.08% 67.350 | 1008 340625 | 1198 | 55.8%6 1.02864 | 8.125 1.3699 | 46.884
1 1.0853 131 | 1.00:8L 34370 | 3.295:: | 56.801 | 1.02901 || 8.250 1.3743 | 46.6%0
1.09575 | 1.0870 916 1.0004 34685 1.196% | 56707 1.02038 || 8.3/ 1.3/ 46.497
1.12500 | 10888 | 66.76 | 1.00628 |[ 3.50000 | 1.1976 | 56.614 | 1.02975 || 8.500 1.38% | 46.36
1.15625 | 1.006 66.49 1.00651 || 3.531%5 1.1989 | 56.52 | 1.0%012 || 8.65 1.3874 | 46,118
1.18750 | 1.0921 | @2% 1.00675 || 3.5620 1 5%.40 1.03049 || 8. 1.3918 | ks5.932
1.21875 | 1.0938 | 66.097 1.00699 || 3.50375 12014 | 56.30 1.03086 8_@%’ 1.3961 | 45748
1.25000 | 1.006 65.902 | 1.0074 3.6500 | 1.2027 | s6.249 | 1.0312% || 9.000 1.4005 | 556
1 1.0071 | 65.710 | 1.00749 || 3.665 12040 | 56150 | 1.03162 || 9.125 14088 | 45.386
131250 [ 108 | 65.521 | 1.00773. || 3.68750 | 1 56.069 | 1.03199 [ 9.290 L.hogl | 4528
134375 | 1.100k | 65335 | 1.0/ || 3.73875 | 1.206 5.9 1.0%237 || 935 14134 | hs5.0%1
137500 | 1.1020 | 65.153 1.0084 3.75000 | 1.0 5.8P 1.03275 || 9.500 a8 | 4.87
1.h0625 | 11036 | 6k.973 | 1.00850 | 3.78125 | 1 %ai%o 5.84 | 1.03%k% | 9.65 1.ho21 | 44.634
1 1.1052 | 64796 1.08H 3.81250 1 5717 1.0832 || 9.50 1.5264 | 44.54
1 1.1058 64622 | 1.00901 || 3.84375 55.631 | 1.03390 || 9.875 Lh307 | 44.34
1.50000 | 1.108h 64.450 1.00928 3.87500 | 1.2128 55.54k | 1.03429 || 10.000 1430 | Y77
15315 | 1.1300 | 64.281 1.00054 || 3.90625 | 1.2ak0 | 55490 | 1. 10.125 1.438 4,011
1550 | 1.m5 | 6115 | 1.0081 || 3.08/0 | 12155 | %534 | 1.03507 || 10.20 1.443%6 ﬁ%
1.5937% 1.113 63. 1.01007 || 3.96875 | 1.2165 55.289 1.0 10.375 1.1478 X
1.62500 | 1.11%6 63. 1.0104 b.o0000 | r.2177 5206 | 1.03585 || 10.500 1.h521 | 143.523
1.6562 1.1162 | 63.628 lLowe2 || 4.0815 1.219 | 55.121 | 1.03624 || 10.625 1464 | 43.364
1 1.1177 | 63.b7n | 1.00089 | 4.06250 1.2202 55.038 | 1.0366% || 10.750 1.4607 326
1.71875 1 315 1.01117 || %.09375 | 1.221% 7K 5 1.05703 || 10.875 1.46/9 43.009
175000 | 1.1207 | 63.161 1.0114% || 4.12500 | 1.2e27 | sS4.873 | 1.03743 || 11.000 1.46%2 | 42.84
1.78125 | 1.1222 g.oog 1.01175 || %.19625 | 1.2239 | Sh791 | 1.03783 [| 12.125 1.47%6 L.70
1.81250 | 1.1237 80 1.01201 || k. 1.2251 | 5h.m10 | 1.03823 (| 11.250 14777 | b2.588
18435 | 1.1252 | @.712 1.01229 ([ 421875 | 1.226% | 54.629 | 1.03863 [ 11.375 1480 | 4437
1.87500 | 1.167 | &.5%6 1.012 429000 | 1.2276 | S4.50 1.00903 || 11.50 1.4862 | 42.287
voes | T120 | &8 | TOBD || nomien | 180 | 244D | rosam || 1065 | 1ises | 216
1.93/0 1.1297 | 62.28 | 1.01315 || k31250 | 1.2300 | 54.330 | 1.0%985 || 1.750 1.hoh7 | 41991
1.96875 | 1.1 | 62.137 L0134k || 434375 | 1.2%13 5%.310 | 1. 11.85 1.%990 | 41.8456
2.00000 1.1326 | 61. 1.01374 437500 | 1.2325 | sh.231 1.olm66 12.000 1.502 | 4.701
2.05125 | 1.13n | 6l %{ 1.00h03 || 4.40625 | 1.2337 | 5%.155 | 1.04107 [ 22.125 1.5075 | 4].
2.06250 1.1355 61,722 1.01433 44310 1.2349 54,075 1.04148 || 12.250 1.5117 41 415
2.00375 | 1.1570 | 61.587 | 1.0k 4,463 1 53.997 1.049 || 12.375 15150 | 41.274
2.12500 | 1.138% | 61454 | 1.01k95 [ 4.50000 | 1.2373 | 53-920 | 1.0ke3 || 12.500 15202 | h1.13h
2.15625 | 1.1398 | 61.321 | 1.01525 || k53125 | 1.23H 53.85k | 1.0ke72 [ 12.625 1.524k | 40.9%5
2.1871%0 1143 | 6110 56250 | 1897 | Ber 1.ou31k || 12.750 1.5286 | 40.857
2.21875 | 1.1427 | 61061 1.01584 || 4.5 1.240 53.601 1.043% [[12.875 1.539 40.721
2.25000 | 11441 60.933 1.01615 || 4.62500 | 1.2k | 53,616 | 1.0u4397 [ 13.000 15571 | 40.58%
2.28125 | 1.1%55 | 60.806 | 1.006%6 || 4.6665 1.24%33 | 53.541 | 1.04439 | 13.125 1.5413 | k4o.%50
2.31250 60.630 1.01677 || 468750 | 1.2445 53.466 | 1.04481 ([ 13.250 1.5456 L3517
238375 | 11483 | 60.5% 10178 || 47875 | 12857 | 53.32 | 1.0b52% || 13.375 1.5498 184




NACA TN 3322

TABLE I.- SUPERSONIC-FLOW VARIABLES FOR 7 = 1.400 - Continued

v, M Ky rir Vs M Ky rf/r v, M My rir
deg deg / er deg deg / cr deg deg / cr

13.500 | 1.5540 | 40.053 | 1.21456 || 21.000 | 1.8095 | 33548 "

13.625 | 15582 | 39.922 | 1.21772 || 21,125 | 1.8139 | 33.457 3

13.750 | 1.5625 | 39.793 | t.22091 || 21.250 | 1.8182 | 33.367 9 2.0871 | 28629 | 1.81659

15.875 | 1.5667 |39.664 | 1.22412 || 21.375 | 1.8225 | 33.277 . 2.0917 | 28560 | 1.823%88
% 2,006k | 28491 | 1 83121

% 20778 | 28769 | 1.80217
14,000 |1.5709 |39.536 | L.22735 || 21.500 | 1.8269 | 33.188 |1
; : 2.1010 | 28.421 | L 83860

2.0824 | 28.699 | 1.80936

14,125 | 1.5751 | 39.410 | 1.23060 |{ 21.625 | 1.8312 | 33.099
14.250 | 15794 | 39.284 | 1.23388 || 21.750 | 1.8356 | 53.010 : 2.1057 | 28.353 | 1.8460k
14.375 | 1.5836 | 39.159 | 1.23719 || 21.875 | 1.8399 | 32.922 oL 2.1104 | 28.284 | 1.85353

14500 | 1.5878 | 39-0%5 | 1.24051 || 22.000 | 1.8443 | :32.834 [1.48859 | 29.500 | 2.1151 | 28216 | L.86107
14.625 | 1.5920 | 38.912 | 1.24386 || 22.125 | 1.8487 | 32.747 |1.49364 || 29.625 | 2.1198 | 28.148 | L 86866
14750 | 1.5963 | 38.789 | 1.24724 || 22250 | 1.8530 | 32.660 |1.h9872 || 29.750 | 2.1245 | 28.080 | 1.87631
14.875 | 1.6005 | 38.668 | 1.25063 || 22.375 | 1.8574 | 52574 |1.5038h || 29.875 | 2.1292 | 28.012 | :1.88401

15.000 | 1.6047 | 38.547 | 1.25406 || 22.500 | 1.8618 | 52488 |1.50900 || 30.000 | 2.1339 | 27.9%5 | 1.89176
15.125 | 1.6089 | 38428 | 1.25750 || 22.625 | 1.8662 | 32402 |[1.51418 | 30.125 | 2.1386 | 27.878 | 1.89957
15250 | 1.6132 | 38.309 | 1.26097 || 22.750 § 1.8705 | 32317 [1.5194%0 | 30.250 | 2.1k3k [ 27.811 | 1.90743
15.375 | 1.6174 | 38.190 | 1.264h7 :| 22.875 | 1.8749 | 32232 [1.52k66 ([ 30.375 | 2.1481 | 27.74% | 1.9153h4

15.500 | 1.6216 | 38.073 | 1.26799 {| 23.000 | 1.8793 | :32148 |1.52995 !l 30.500 | 2.1528 | 27.678 | 1.92331
15625 | 1.6259 | 37.956 | 1.27153 || 23.125 | 1.8837 | 32.064 |1.53528 || 30.625 | 21576 | 27.612 | 1.9313%
15.750 | 1.6301 | 37.840 | 1.27510 || 23.250 | 1.8881 | 31.980 |1.54065 {| 30.750 | 2.1623 | 27.546 | 1.93943
15.875 | 1.6343 | 37.725 | 1.27869 | 23.375 | 1.8925 | 31.897 |1.54605 | 30.875 | 2.1671 | 27.480 | 1.94757

16.000 | 1.6386 | 37.611 | 1.282%1 || 23.500 | 1.8970 | 31.81h4 1 55149 || 31000 | 21719 | 27.415 | 195577
16.125 | 1.6428 | 37.497 | 1.28595 || 23.625 | 1.9014 | 31.731 5622 31.125 | 21767 | 27.350 | 1.96402
16.250 | 1.6470 | 37.%84 | 1.28962 || 23.750 | 1.9058 | :31.649 1 .56z 31.250 | 21815 | 27.250 | 1.97234
16.375 | 1.6513 | 37.272 | 1.29332 || 23.875 | 1.9102 | 51567 |1.56802 | 31.375 | 2.1862 | 27.220 | 1.98070

16.500 | 1.6555 | 37.160 | 1.29704 (| 24,000 | 1.9147 | 51486 |1.57361 [ 31.500 | 21910 | 27.155 | 1.98913
16.625 | 1.6597 | 37-050 | 1.30079 i| 24.125 | 1.9191 | 31.4%05 |1.57923 || 31.625 | 21959 | 27.091 [ 1.99763
16.750 | 1.664%0 | 36939 | 1.30456 || 2k.250 | 1.923%5 | 3L.32k | 1.58490 |[ 31.750 | 22007 | 27.027 | 2.00618
16.875 | 1.6682 | 36.830 | 1.30835 {| 24.375 | 1.9280 | 31.244 | 159060 || 31.875 | 2.2055 | 26.963 | 2.01479

17.000 | 1.6725 | 36.721 | 1.31218 |{ 2k.500 | 1.932k | 31.164 | 1.59634 || 32.000 | 22103 | 26.899 | 2.02346
17.125 | 1.6767 | 36.613 | 1.31603 || 24625 | 1.9369 | 31.084 | 1.60211 || 32.125 | 2.2152 | 26.836 | 2.03219
17.250 | 1.6810 | 36506 | 1.31991 |{ 24.750 | 1.9413 | 31.005 | 1.60793 || 32.250 | 2.2200 | 26.772 | 2.04098
17.%375 | 1.6852 | 36.399 | 1.32381 || 2%.875 | 1.9458 | 30.926 | 1.61379 || 32.375 | 2.2249 | 26.709 | 2.0u4o8k4

17.500 | 1.6895 | 36.293 | 1.3277k || 25.000 | 1.9503 | 30.847 | 1.61969 || 32.500 | 22297 | 26.646 | 2.05876
17625 | 1.6937 | 36.187 | 1.3%3170 || 25.125 | 1.9548 | 30.769 | 1.62563 || 32.625 | 2.2346 | 26584 | 2.067°75
17.750 | 1.6980 | 36.082 | 1.3%569 || 25.250 | 1.9592 | 30.691 | 1.63160 || 3=2.750 | 2.2395 | 26.521 | 207679
17.875 | 1.7022 | 35.978 | 1.33970 || 25.375 | 1.9637 | 30.613 | 1.63762 || 32.875 | 2.2444 | 26459 | 2.08590

18.000 | 1.7065 | 35.874 | 1.3437h || 25.500 | 1.9682 | 30.536 | 1.64368 || 33.000 | 2.2493 | 26.397 | 2.09508
18.125 | 1.7107 | 35.771 | 1.34781 {| 25.625 | 1.9727 | 30.458 | 1.64978 || 33.125 | 2.254%2 | 26335 | 2.10432
18.250 | 1.7150 | 35.668 | 1.35190 || 25.750 | 1.9772 | 30382 | 1.65592 |[ 33.250 | 2.2591 [ 26.273 | 2.11363
18.375 | 1.7193 | 35566 | 1.35603 || 25.875 | 1.9817 | 30.305 | 1.66210 || 33.375 | 22640 | 26.212 | 2.12300

18.500 | 1.7235 | 35.465 | 1.36018 || 26.000 } 1.9863 | 30.229 | 1.66833 || 33.500 | 2.2689 | 26.151 | 2.132kk
18.625 | 1.7278 | 35.364 | 1.36436 {| 26.125 | 1.9908 | 30.153 | 1.67459 || 33.625 | 2.2739 | 26.090 | 2.14195
18750 | 1.7321 | 35264 | 1.36857 || 26.250 | 1.9953 | 30.078 | 1.68091 | 33.750 | 2.2788 | 26.029 | 2.15153
18.875 | 1.7364 | 35.16k | 1.37280 || 26.375 | 1.9998 | 30.003 | 1.68726 || 33.875 | 2.2838 | 25.968 | 2.16118

19.000 | 1.7406 | 35.065 1,%,10% 26500 | 2.0044. | 29.928 | 1.69365 {|34.000 | 2.2887 | 25.908 | 2.17089
19.125 | 1.7449 | 34.966 | 1.3813 26.625 | 2.0089 | 29.853 | 1.70009 || 34.125 | 2.2937 | 25.847 | 2.18068
19.250 | 1.7492 | 34.868 | 1.38569 || 26.750 | 2.0135 | 29.779 | 1.70658 || 3%.250 | 2.2987 | 25.787 | 2.19053
19.375 | 1.75%5 | 34.770 | 1.3900%k | 26.875 | 2.0180 | 29.705 | 1.71311 || 34.375 | 2.3037 | 25.727 | 2.20046

19.50c | 1.7578 | 34.673 20226 | 29.632 | 1.71968 || 34.500 | 2.3087 | 25.66€ | 2. 21046
19.62: 1.7621 | 34577 20271, | 29.558 | 1.72630 || 34.625 | 2.3137 | 25.60€ | 2.22053
19.75¢ | 1.7664 | 34.481 2.0317 | 29.485 | 1.73297 || 34.750 | 2.3187 | 25549 | 2.23068

19.875 | 1.7707 | 34.385 | 1.4%0775 || 27.375 | 2.0363 | 29412 | 1.73967 || 34.875 | 2.3237 | 25.49¢ | 2.24089

20.00C | 1.7750 | 34.290 | 1.81225 || 27.500 | 2.0%09 | 29.340 | 1.746L43 || 35.000 | 2.3288 | 25431 | 225118
20.12: 1.7793 | 34.196 | 1.41679 2;.6555 2.0b55 | 29.267 | 1.75325 || 35.125 | 2.3338 | 25.372 | 2.26155
20.25C | 1.78% | 34.102 | 1.42135 || 27.750 | 20501 | 29.195 | 1.76008 || 35.25C | 2.3388  25.31% | 2.27199
20.375 | 1.7879 | 34.008 | 1.42595 || 27.875 | 2.0547 | 29.12k | 1.76697 | 35.375 | 2.3439 | 25.255 | 2.28251

20.50¢ | 1.7922 | 33.915 | 1.43057 || 28.0m | 2.0595 | 29.052 | 1.77392 || 35.500 | 2.3490 | 25.19€ | 2.29310
20.62: 1.7965 | 33.823 | 1.13523 || 28.125 | 2.0639 | 28.981 | 1.7809L || 35.625 | 2.3540 [ 25.13€ | 2.30378
20.75¢ | 1.8009 | 33.731 | 1.43992 [| 28.250 | 2068:; { 28910 | 1.78795 || 35.75¢ | 2.3591 | 25.08C | 2.31453
20.87: 1.8052 | 33639 | 1.4uhéh || 28.375 | 2.07%1 | 28.840 | 1.79503 | 35.875 | 23642 | 25.02; 2.32535




NACA TN 3322

TABLE I.- SUPERSONIC-FLOW VARIABLES FOR 7 = 1.400 = Continued

Vs M Hy

deg deg
36.000 | 2.3693 | 24.965
36,125 | 2.37hk | 24.907
36.250 | 2.3796 | 24.850
36.375 | 2.3847 | 24.793
36,500 | 2.3898 | 24.736
36.625 | 2.3950 | 24.679
36.750 | 2.hoo1 | 24.623
36.875 | 2.4053 | 24.566
37.000 | 2.4105 | 24510
37.125 | 2.4157 | 24.454
37.250 § 24209 | 24.398
37.375 | 24261 | 24.342
37.500 | -2.4313% | 24.287
37.625 | 24365 | 2k.231
37.750 | 24418 | 24.176
37.875 | 24470 | 24.121
38.000 | 2.4523 | 24.066
38.125 | 2.4575 | 24.011
38.250 | 2.4628 | 23.956
38.375 | 24681 | 23.902
38500 | 24734 | 23.847
38.625 | 2.4787 | 23.793
38.750 | 2.48%0 | 23.739
38.875 | 2.4894 | 23.685
39.000 | 24947 | 23-631
39.125 | 25001 | 23.578
39.250 | 2.5054 | 23.524
39.375 | 25108 | 23.471
39500 | 25162 | 23.418
39.625 | 25216 | 23.364
39.750 | 2.5270 | 23.312
39.875 | 2.5324 | 23.259
ko.000 | 25378 | 23.206
40.125 | 25433 | 23.154
40.250 | 2.5487 | 23.101
40.375 | 2.5542 | 23.049
40.500 | 25596 | 22.997
40.625 | 2.5651 | 22.945
40.750 | 2.5706 | 22.893
40.875 | 25761 | 22.841
41.000 | 25816 | 22.790
41.125 | 2.5871 | 22.739
41250 | 2.5927 | 22687
41,375 | 25982 | 22.636
k1.500 | 26038 | 22.585
41625 | 2.6094 | 22534
41,750 | 2.6150 | 22.483
41,875 | 26205 | 22.433
42.000 | 2.6262 | 22.382
42125 | 2.6318 | 22.332
~2.250f 26374 | 22.282
k2,375 | 2.6431 | 22.232
42500 | 2.6487 | 22.182
42,625 | 2.6544 | 22.132
k2,750 | 2.6601 | 22.082
42.875 | 26657 | 22.032
43,000 | 26715 | 21.983
43,125 | 26772 | 21.933
43,250 | 2.6829 | 21.884
43375 | 2.6886 | 21.835

2.47360
2.48561
249770
2.50989

252216
2.53452
2.54699
2.5595k

2.57218
2.58493
2.59777
2.61070

262374
2.63687
2.65010
2.66343

2.67686
2.69040
2.70404
2.71778

2.73163
2.74559
2.75964
2.77361

2.78808
2.80248
2.81698
2.83159

2.84631
2.86114
2.87609
2.89116

2.90635
2.92165
2.93707
2.95262

2.96828
2.98407
2.99998
3.01602

3.03217
3.04847
3.06488
3.08142

3.09810
3.11491
3.13186
3.14893

My Vs H
deg r/ Ter deg i d:eg r/rcr
21786 | 3.16616 || 51.000 | 3.0652 | 19.041 | 4.50581
21.737 | 3.18%50 |{ 51.125 | 3.0719 | 18.998 | 453443
21.688 | 3.20099 | 51.250 | 3.0786 | 18.955 | 4.56329
21.640 | 3.21863 || 51.375 | 3.0852 | 18.91% | 4.59241
21.591 | 3.23639 || 51.500 | 3.0920 | 18.870 | %.62179
21.54% | 3.25431.| 51.625 | 3.0987 | 18.827 | 4.65141
21,.hok | 3.27237 || 51.750 | 3.105% | 18.785 | 4.68131
21446 | 3.29057 || 51.875 | 3,1122 | 18.743 | L4.71148
21.398 | 3.30890 || 52.000 | 3.1189 | 18.701 | L.74189
21.350 | 3,32740 || 52125 | 3.1257 | 18.659 | k.77259
21.302 | 3.34606 || 52.250 | 3.1%25 | 18.616 | 4.80358
21.254 | 3.36485 || 52.375 | 3.139% | 18574 | 4.83k81
2.7645 1 21207 | 3.38381 || 52500 | 3.1k62 | 18.532 | 4.86634
27704 | 21.159 | 340289 || 52.625 | 3.1531L | 18.491 | %.89815
2.7763 | 21.112 | 342216 || s2.750 | 3.1600 | 18.449 | k.93027
2.7823 | 21.065% | 3.44159 || 52.875 | 3.1669 | 18.407 | 4.96263
2.7882 { 21.017 | 346116 || 53.000 | 3.1738 | 18.366 | 4.99531
2.7942 | 20970 | 348088 || 53.125 | 3.1807 | 18.324 | 5.02830
2.8002 | 20923 | 3.50077 || 53.250 | 3.1877 | 18.283 | 5.06156
28062 | 20876 | 3.52083 || 53.375 | 3.19%7 | 18.241 | 5.09515
2.8122 | 20.830 | 3.5%107 || 53.500 | 3.2017 | 18.200 | 5.12904
2.8183 | 20.783 | 3.5614k || 53.625 | 3.2087 | 18.159 | 5.16320
2.8243 | 20.736 | 3.58200 || 53.750 | 3.2158 | 18.118 | 5.19770
2.8304 | 20690 | 3.60273 || 53.875 | 3.2228 | 18.078 | 523252
2.8364 | 20.644 | 3.62362 || 5k.000 | 3.2298 | 18.036 | 5.26766
2.8425 | 20597 | 3.64470 || 54.125 | 32369 | 17.995 | 5.30312
2.8486 | 20.551 % gs;%g 54250 | 3.2440 | 17.95% | 5.33891
2.8548 | 20.505 .68 54,375 | 3.2512 | 17.91k | S.37501
28609 | 20.459 | 370896 || 54.500 | 3.2583 | 17.873 | 5.411L5
2.8670 | 20.413 | 3.7307% || 54.625 | 3.2655 | 17.832 | 5.44823
2.8732 | 20.368 | 3.75270 || 5%.750 | 3.2727 | 17.792 | 5.48537
28794 | 20.322 | 3.77485 || 54.875 | 3.2799 | 17.751 | 552282
2.8856 | 20.277 | 3.79718 || 55.000 | 3.2871 | 17.711 | 556063
2.8918 | 20.231 | 3.81971 || 55.125 | 3.2944 | 17.671 | 5.59878
28980 | 20.186 | 3.842hk0 || 55250 | 3.3016 | 17.630 | 5.63731
29042 | 20.141 | 3-86529 || 55375 | 3.3089 | 17.591 | 5.67617
2.9105 | 20.096 | 3.88838 |i 55.500 | 3.3162 | 17.551 | 5.71543
29167 | 20.051 | 3.91167 {{ 55.625 | 3.3236 | 17.511 | 575505
2.9230 | 20.006 | 3.93515 {| 55.750 | 3.3309 | 17.%71 | 5.79503
2.9295 | 19.961 | 5.95883 [} 55.875 | 3.3383 | 17.k431 | 5.83538
2.9356 | 19.916 | 398272 || 56.000 | 3.3457 | 17.391 | 5.87612
29420 | 19.871 | %.00680 || 56.125 | 3.353L | 17.351 | 5.91725
2.9483 | 19.827 | 4.0%3108 || 56.250 | 3.3605 | 17.312 | 5.95876
29547 | 19.782 | 4.05559 || 56.375 | 3.3680 | 17.272 | 6.00065
29610 | 19.738 | 4.08029 || 56.500 | 3.3755 | 17.23% | 6.04296
29674 | 19.69% | k.10521 |[ 56.625 | 3.3830 | 17.195 | 6.08568
2.9738 | 19.650 | k.13032 || 56.750 | 3.3905 | 17.154 | 6.12878
29803 | 19.605 | k.15569 |[ 56.875 | 3.3980 | 17.115 | 6.17233
2.9867 | 19.561 | 4.18125 || 57.000 | 34056 | 17.076 | 6.21625
2.9951 | 19.518 | 4.20703 || 57.125 | 3-4132 | 17.037 | 6.26059
29996 |.19.474 | h.23%02 |[ 57.250 | 3.4208 | 16.997 | 6.30540
3.0061 | 19.430 | %.25927 || 57.375 | 3.4284 | 16.959 | 6.35061
3.0126 | 19.386 | 4.28573 || 57.500 | 3.4361 | 16.920 | 6.39628
3.0191 | 19.343 | k.31241 || 57.625 | 3.4438 | 16.881 | 6.44237
3.0257 | 19.300 | k.339%2 || 57.750 | 3.4515 | 16.842 | 6.48890
3.0322 | 19.256 | k.36648 || 57.875 | 3.4592 | 16.80% | 6.53588
3.0388 | 19.213 | %.39386 || 58.000 | 34669 | 16.765 | 6.58335
3.0h54 | 19.170 | 4.h2149 1] 58.125 | 34747 | 16.726 | 6.63126
3.0520 | 19.127 | k.4ho3k |i 58.250 | 34825 | 16.687 | 6.67965
3.0586 | 19.084 | k4776 |1 58.375 | 3.49¢3 | 16.649 | 6.72848

31
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TABLE 1.~ SUPERSONIC-FLOW VARIABLES FOR 7 = 1.400 = Continued

NACA TN 3322

v [18% v, B ) 7
dég M deg r/ Ter deg M deg r/ Fer r‘{eg i geg I‘/ Ter

58500 | 3.4981 | 16.611 | 6.77782 || 66.000 | 4.0163 | k.17 | i0.87615 || 73.500 | k.6548 | 112406 | 18.86223
58.625 | 35060 | 16.572 6.82762 || 66.125 | 4.0259 | 1%.382 | 10.96894 |[ 73.625 | 46668 | 12.373 | 19.05047
58.750 | 3.5139 | 16.534 | 6.87789 || 66.250 | 4.0%5k | 1h.348 | 11.06278 || 73.750 | 46788 | 12.341 | 19.2k120
58.875 | 3.5218 | 16.496 6.92871 (| 66.375 | 4.0451 | 1k.313 | 11.15769 || 73875 | 4+.6908 | 12.309 | 19.43k17
59.000 | 3.5297 | 16.458 6.97998 || 66.500 | k.o547 | M4.278 | 11.25360 || 74.000 | 4.7029 % 12.277 | 19.62976
59.125 | 35377 | 16.420 | 7.0%181 (| 66.625 | 4.0644 | :h.243 | 13,.35065 || 74.125 | 4.7150 | 12.245 | 19.82788
59-250 | 35457 | 16.382 7.08413 || 66.750 | 4.0741 | 14.209 | 11.4k87% || Ts.2%0 | 47272 | ~2.213] 20.02846
59.375 | 3.5537 | 16.344 7.13697 || 66.875 | 4.0838 | 14.174 | 11.54793 || 74.375 | 47394 | L2181 | 20.23153
59.500 | 35617 | 16.304 7.19031 || 67.000 | 4.0936 | 1k.1iko | 11.64821 || 74500 | 4.7517 | 12.149 | 20.43744
59.625 | 35697 | 16.268 7.24421 || 67.125 | 4.103% | 14.105 | 11.74966 || Th.625 | 4.7641 | 12.117 | 20.64588
59.750 | 3.5778 | 16.230 7.29862 || 67.250 | k.1132 | 1k.071 | 11.8522hk || 7h.750 | 4.7764 | 12,085 | 20.85704
59.875 | 35859 | 16.193 7.35361 i 67.375 | 4.1231 | 1k.03%6 | 11.95599 || 74.875 | 4.7889 | 12.053 | 21.07088
50.000 | 3.59%0 | 16.155 | 7.40911 || 67.500 | %.13%0 | 14.002 | 12.06096 || 75.000 | 4.8014 ; 1L2.021 | 21.28760
60.125 | 3.6022 | 16.118 7.46521 6;.525 L,1k30 | 13.968 | 12.16707 || 75.125 | 4.8139 | 11.989 | 21.50722
60.250 | 3.6104 | 16.080 752186 || 67.750 | 4.1529 | 13.933 | 12.27435 || 75.250 | 4.8265 | 11.958 | 21.72957
60.375 | 36186 | 16.043 7.57906 || 67.875 | ¥.1630 | 13.899 | 12.3829%4 || 75375 | 4.8392 | :LI. 926 | 21.95k9h
60.500 | 3.6268 | 16.005 763687 || 68.000 | 4.1730 | 13.865 | 12.49279 || 75.500 | 4.8519 | 11.89% | 2218310

60.625 | 3.6351 | 15.968 7.69526 || 68.125 | 4.1831 | 13.831 | 12.60%83 | 75.625 | 48646 | 11.863 | 22.41435
60.750 | 3.6433 | 15.93L 7.75421 || 68.250 | 4.193%32 | 13.797 | 12.71608 {| 75.750 | &.877h | 11.8%1 | 22.64874
60.875 | 36516 | 15.89k 7.81378 || 68.375 | 4.2034 | 13.763 | 12.82979 |l 75.875 | 48903 | 11.800 | 22.88618
61.000 | 3.6600 | 15.856 7.87397 || 68.500 | 4.2136 | 13.729 | 12.94469 || 76.000 | k.90%2 | 11.768 | 23.12678
61.125 | 3.6683 | 15.819 793473 || 68.625 | 4.2238 | 13.695 | 13.06092 || 76.125 | 4.9162 | 11.736 | 23.37051
61.250 | 3.6767 | 15.782 799616 || 68.750 | 4.2341 | 13.661 | 13.17856 || 76.250 | 4.9292 | 11.705 | 23.61759
61.375 | 3.6851 | 15.745 8.05819 || 68.875 | k.2hhhk | 13.627 | 13.29751 || 76.375 | 4.9423 | 11.674 | 23.86801
61.500 | 3.6936 | 15.708 8.12087 || 69.000 | 4.2548 | 13.503 | 13.41792 (| 76.500 | 4.9554 | L1642 | 24.12164
61.625 | 3.7020 | 15.672 8.18420 || 69.125 | 4.2652 | 13560 | 1353968 || 76.625 | 4.9686 | 11.611 | 2k.37885
61.750 | 3.7105 | 15.635 | 824814 || 69.250 | k.2756 [ 13.526 | 13.66282 i| 76.750 | 4.9819 | L1580 | 2k.63941
61.875 | 3.7190 | 15.598 8.31279 || 69.375 | 4.2861 | 13.492 | 13.78747 || 76.875 | %.9952 | L1548 | 24.90358
62.000 | 3.7276 | 15.561 8.37809 || 69.500 | 4.2966 | 13.459 | 13.91360 || 77.000 | 5.0085 | 11.517 | 25.17128
62.125 | 3.7361 | 15.525 8.44405 || 69.625 | 4.3071 | 13.k25 | 1k.0ok120 || 77.125 | 5.0220 | 11.486 | 25.44264
62.250 | 3.7447 | 15.488 8.51070 || 69.750 | %.%177 | 13.392 | 14.17029 {| 77.250 | 5.0%54 | 11.455 | 25.71762
62.375 | 2.7534 | 15.452 | 8.57809 || 69.875 | 4.3283 | 13.358 | 14.30086 || 77.375 | 50490 | 11424 [ 25.99634
62500 | 3.7620 | 15.415 8.64612 || 70.000 | 4.3390 | 13.325 | 1k.433%03 || 77.500 | 5.0626 | 11.392 | 26.27909
62.625 | 3.7707 | 15.379 8.71487 || 70.125 | 43497 | 13.201 | 14.56682 || 77625 | 5.0763 | 11.361 | 26.56552
62.750 | 3.7794 | 15.343 8. 581;37 70.250 | 4.3604 | 13.258 | 1k.70209 || 77.750 | 50900 | 11330 | 26.85598
62.875 | 3.7882 | 15.306 8.85459 || 70.375 | 43712 | 23.225 | 14.8%900 || 77.875 | 5.1038 | 11.299 | 27.15027
63.000 | 3.7969 | 15.270 | 8.92551 || 70500 | 4.3820 | 13.191 | 14.97760 ([ 78.000 | 51176 | :11.268 | 27.4489k
63.125 | 3.8057 | 15.234 8.99725 || 70.625 | k.3929 | 13.158 15,11590 78.125 | 5-1315 | 11.237 | 27.75152
63.250 | 3.8145 | 15.198 9.06971 || 7o.750 | 4.4038 | 13.125 | 15.25981 || 78.250 | 5.1455 | 11.206 | 28.05833
63.375 | 3823k | 15.162 | 9.14292 || 70.875 | 4.4148 | 13.092 | 15.k0346 || 78375 | 5.1595 | 11.176 | 28.%69%5
63.500 | 3.8323 | 15.126 9.21690 || 71.000 | 44258 | 13.059 | 15.54882 i 78.500 | 5.1736 | 11.1ks | 28.68493

63.625 | 3.8412 | 15,090 9.2017h || 71.125 | 44368 | 13.026 | 15.69588 || 78.625 | 5.1878 | 11.114 | 29.00490

63.750 | 3.8501 [ 15.054 9.36730 || T1.250 | 4.4479 | 12.993 | 15.84489 || 78.750 | 5.2020 | 11.083 | 29.3%2921
63.875 | 3.8591 | 15.018 9.44367 || 71.375 | 44590 | 12.960 | 15.99561 || 78.875 | 52163 | 11.052 | 29.65806
64.000 | 3.8681 | 1%.983 9.52086 || 71500 | &.4702 | 12.927 | 16.14818 || 79.000 | 5.2306 | 11.022 | 29.9916k4
64.125 | 3.8771 | 14.947 9.59890 || 71.625 | 4.4814 | 12.894 | 16.30264 || 79.125 | 5.2451 | 10.991 | 30.32998
6h.250 | 3.8862 | 1k.911 9.67779 || T1.750 | 4.4926 | 12.861 | 16.45896 || 79.250 | 5.2595 | 10.960 | 30.67312
6h.375 | 3.8953 | 14.876 9.75750 || 71.875 | k.5039 | 12.828 | 16.61720 || 79.375 | 5.2741 | 10.930 | 31.02097
64.50¢ | 3.9044 | 14.840 9.83809 || 72000 | %.5152 | 12796 | 16.77732 || 79.500 | 5.2887 | i0.899 | 31.37418
64.62: 3.9136 | 14.804 991952 . 72.125 | 45266 | 12.763 | 16.93944 || 79.625 | 5.3034 | 10.869 | 31.73197
64.750 | 3.9228 | 14.769 | 10.00182 || 72.250 | 4.5381 | 12.730 | 17,10364 || 79.750 | 5.3181 | 10.838 | 32.09531
64.875 | 3.9320 | 1%.734 | 10.08506 | 72.375 | k.5495 | 12.697 | 17.26983 || 79.875 | 5.3330 | 10.808 | 32.46344
65.00¢ | 3.9412 | 14.698 | i0.16919 || 72.500 | 45610 | 12.665 | 17.43805 || 80.000 | 5.3479 | 10.777 | 32.83728
65,128 | 3.9505 | 14.663 | 10.25422 ;2.6?85 45726 | 12.632 | 17.6084k || 80.125 | 53628 | 10.747 | 33.21646
65.05C | 3.9508 | 14.628 | 10.34020 || 72.750 | k.5842 | 12.600 | 17.78090 || 80.250 | 5.3778 | 10.716 | 33.60104
65.375 | 3.9601 | 1h.593 | 10.42708 || 72.875 | 4.5959 | 12.567 | 17.95554 || 80.375 | 53929 | 10.686 | 33.99112
65.50¢ | 3.9785 | 1k.557 | 20.51490 |[ 73,000 [ 46076 | 12.535 | 18.132h47 || 80.500 | 54081 | 10.656 | 3k.38684
65.62: 3.9879 | 14.522 | 10.60381 || 73.125 | 4.6193 | 12.503 | 18.31142 || 80.625 | 54234 | 10.625 | 3k.78857
65.75¢ | 3.9974 | 14.487 | 10.69358 || 73.250 | 4.6311 | 12.k70 | 18.49267 || 80.750 | 5.4387 | 10.595 | 35.19612
65.875 | k.0068 | 1k.452 | 10.78433 || 73375 | h.6430 | 12.438 | 18.67633 || 80.875 [ 5.4541 | 10.565 | 35.60957
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NACA TN 3322

TABLE I.- SUPERSONIC-FLOW VARIABLES FOR 7 = 1.400 - Concluded

ag " ae res l o ] ! asg ‘ e l s " g frex
81.000 54695 10.535 3602916 30.000 6.8190 8.433 92.73120 99.000 8.9049 | 6.448 311.42070
81.125 54850 | 16.505 3645499 30.125 | 6.8418 8.404 94.10800 99.125 8.9420 | 6.421 317.50420
81.250 5. 5007 10,474 56, 88714 30.250 6.8647 8.376 95, 51025 99.250 89795 | 6.394 323.73250
81.375 55163 lo.444 37.32561 30375 | 6.8878 | 8.348 96.93840 99.375 90172 | 6.367 330.11050
81.500 | s.5321 | 10414 37.77064 .500 | 6.9110 | 8.320 98.39276 99.500 9.0553 | 6.3%0 336.64170
81.625 55479 10,384 38,22236 30.625 6.9743 8.292 99. 87450 99.625 9.09% | 6.313 343.33300
81.750 | 55638 | 10.354 | 38.6808L 30750 | 6.9578 | 8.263 | 101.38360 99.750 9.1323 | 6.287 350.18450
81.875 55798 10.32% 39.14621 30.875 6.9814 8.235 102. 92080 99.875 9.1712 | 6.260 357.20310
82,000 55059 | 10.29L 59.618K0 31.000 7.0052 | 8.207 | 10k.48670 || 100.000 9.2105 | 6.233 364.39530
82.125 56120 | 10.264 | k4o.09795 31125 | 7.0291 | 8.179 | 106.08170 || 100.125 9.2501 | 6.206 371.76350
82250 56282 10.234 0. 58471 91.250 7.0532 8.151 | 107.70710 100.250 9.2900 | 6.179 379.31290
82.375 5,646 10,204 ¥1,07886 31.375 T. 0774 8,123 109.36340 100.375 9.3302 | 6.153 387.04870
82,500 56609 10.175 41.58048 71.500 7.1017 8.095 111.05070 100.500 9.3708 | 6.126 394.98340
82.625 5.67T4 10,145 42.08975 2.625 7.1262 8.067 112, 77040 100.625 9.4317 | 6.099 403.10910
82,750 56939 10.115 4260691 51.750 | 7.1509 | 8.039 | 11k.52280 100.750 94529 | 6.073 411. 44590
82,875 | 57106 10. 085 4313191 N.875 | 7.1957 | 8.011 | 116.30900 || 100.875 9.4945 | 6. 1419.98620
83,000 57273 10.056 4366506 32.000 | 7.2007 7983 118.12920 101.000 95364 | 6019 42875070
83.125 | S5.74b1 | 10.026 | hi.20643 92.125 | 7.2258 | 7.955 | 119.98500 | 101.125 9.5787 | 5993 437.73160
83,250 5.7610 9.9% 475619 32.250 7.2511 7.927 121,87600 101.250 9.6213 | 5966 kh6,949%0
83.375 | 5.TT71% 9.967 45, 31443 92.375 | 7.2165 | 7.899 | 123.80430 | 101.375 16643 | 5939 456.39870
83.500 5.7950 9.937 45, 88137 R50 7.3021 7.871 125.76980 101.500 9.7076 5.913 466. 09250
83,625 5.8121 9.907 46, 45713 92625 743279 7.843 127.77410 101.625 9. 7514 886 476.04030
83.750 5.8293 9.878 47.0419% 22,750 7.3539 7.815 | 129.817k0 101.750 9.7954 5 859 486. 24030
83.875 | 5.8466 9.848 | 47.63599 P.875 | 7.3800 | 7.788 131.90140 || 101.875 9.8399 | 5.833 496. 71200
& | 58640 9.819 48, 23930 33,000 7.4062 T7.760 134, 02580 102.000 9.8848 | 5,806 507. 45890
84.125 5.8815 9.789 48, 85027 93.125 7.4327 7-732 | 136.19250 102.125 9.9%00 | 5.778 518, 48750
84.250 5.8991 9.760 4947485 93.250 | 74593 | 7.704 138. 40270 M2.250 99756 | 5.753 529, 81140
84.375 | 5.9168 9,730 | 50.10733 R375 | T.4861 | 7.677 14065730 || 102.375 | 10.0217 | 5727 541, k3420

. 59345 9.701 | SA3749%6 93.500 | 75130 7.649 14295660 || 102500 | 10.0681 | 5700 55337370
84.625 59524 9672 51, 40273 93625 | 7.5%02 | 7.621 | 145.30240 [ 102625 | 10.1150 | 5.67k 565.62910
8,750 | 5-9703 9642 52.06608 93.750 | 75675 7594 | 147.69%00 | 102.750 101622 | 5.647 578.22190
84875 | 59883 9.613 | 52.74006 A.875 | 75950 7.566 15013620 || 102.875 | 10.2099 | 5.621 591.14960
8%,000 | 6.0065 9.584 53, Lokl 94,000 76227 7.538 | 152.62780 || 103.000 | 10.2580 | 5504 60k, 43220
85.125 | 6.0247 9554 54.12066 94,125 6505 7.511 | 155.16970 || 103.125 10. 3066 | 5.568 618.07490
85.250 | 6.0430 9.525 | sh.B8278k 94.250 7.6786 | 7.483 | 157.76350 || 103.250 103556 | 5.541 632. 09980
85.375 6.0614 9.4% 55, 54660 94,375 7.7068 7.455 160. 51030 103.375 10.4050 | 5.515 646.51690
85.500 | 6.0799 9467 56.27693 34500 77333 | 7.428 | 163.13270 | 103.500 | 10.45%9 | 5489 661.32560
85.625 6.0986 9.438 57.01925 3k, 625 7. 7639 7.400 165. 86990 203.625 10.5052 | 5462 676.54500
85.7%0 [ 6.1173 9408 | 5777371 || 94750 | 7.7927 | 7.373 | 168.68530 | 103.750 | 10.5%60 | 5-4% 692.20000
85.875 | 6.1361 9.379 5854064 94875 | T7.8217 | 7345 | aTL.55%k0 || 103.875 [ 10.6073 [ 5.410 708, 29250
86.000 6.1550 9.350 59, 32020 35,000 7.8510 7.318 17h. 49370 10%.000 10.6590 | 5.383 72k4.83630
86.125 6.1740 9.321 60.11265 95.125 7.8801 7.290 177.48810 10,125 10.7i12 | 5357 T41.85110
86250 | 6.1931 9.292 | 60.91833 || 95250 | 79100 | 7.263 | 180.54%710 | 104250 [ 10.76k0 | 5.33L 759. 36460
86.375 | 6.2123 9.265 | 61.73718 || 95375 [ 7.9398 7-235 | 183.67020 || 10%.375 | 10.8172 | 5.30k 77737820
86.500 6.2317 9.234 62.56999 5. 500 7.9698 7.208 186.86000 104.500 10.8709 | 5.278 795. 90880
86625 | 6.2511 0205 | 63.%16%5 || 95625 | 8.0001 | 7.181 | 190.11810 |f 104.625 | 10.9251 [ 5.252 81k, 97620
86.750 6.2706 9.176 6427738 .750 8.0305 7153 193. 44500 104. 750 109799 | 5.225 85k, 59760
86.875 6.2903 9.147 65.15283 95.875 8.0612 7126 196.84360 104.875 11.0351 | 5.199 85k, 78950
87.000 | 6.3100 9119 | 66.04308 96.000 8.0921 | 7099 200.31580 || 105.000 | 11.0909 | 5.173 875.581k0
87.125 6.3299 9. 0% 66.94830 96,125 8.1232 T.071 203.86270 105.125 11,1473 [ 5147 897.00930
87,250 6.3499 9.061 67.86899 96.250 8.1545 7.044 207. 48760 105.250 11,2042 | s.121 919. 04920
87.375 6.3699 9032 | 68.80s4: || 96375 | 8.1860 | 7.017 | 211.19070 || 105375 | 11.2617 | 5.09% 941, 76360
87.500 | 6.3901 9003 | 69.75768 500 | 8.2278 | 6.989 | 21k.97480 105500 11.3197 | 5.068 965.15190
87.625 | 64104 8.975 | 7072664 96.625 | 8.2498 6.962 218. 84310 105625 | 11.378% | 5.042 989.24790
87.750 | 6.4309 . 9k6 1. TA197 96.750 8.2820 6.935 222, 79500 105,750 114375 | 5.016 1014.08300
87.875 | 64514 8.917 | T72.71436 96.875 8.3145 | 6.908 | 226.83560 105875 | 1%.4973| %.990 | 1039.66600
88.000 | 64720 8.888 | 7373427 97.000 | 8.3472 | 6.881 | 230.9%570 | 106.000 | 12.5577 | 4.964 1066. 0kkoo
88.125 6.4928 8.860 | Th.TTL6T 97.125 8.3802 6.853 2%5,18770 106.125 11.6187 | 4937 109%. 24500
88.250 6.5137 8.8%1 | 75.82738 || 97.250 8.4133 | 6.826 | 239.50500 106250 | 11.680% | 4.911 | 1121.28100
88.375 | 65347 8.803 | 7690129 || 97.375 L4468 | 6.799 | 243.91870 || 106,375 | 11.7426( 4.885 | 1150.19400
88.500 | 65558 8.t | 7799423 || 97500 | B8.hBok [ 6.772 | 2u8.43220 | 106500 | 11.8055 | 4859 | 1180.01400
88.625 | 6.5T70 8.745 | 79.10629 || 97625 | 8.514% [ 6745 | 253.04860 106.625 11.8690 | 4.833 | 121077400
88.750 6. g98k 8.717 | 8o.2382% 97.750 8.5485 6.718 | 257.76880 106.750 | 11.9%32 | k.307 | 12k2.49900
88.875 | 6.6199 8.688 | 81.390056 || 97.875 | 8.5830 | 6.691 | 26259720 106.875 | 11.9981 | 4.781 1275.25300
89.000 | 6.6415 8.660 82.56221 || 98.000 86177 6.664 26753720 107.000 | 12.0637 | 4.755 1309. 05500
89,125 6.6633 8.631 83.75567 98,125 86526 6.637 272.59060
89.25%0 | 6.6851 8.60% | 84.9/016 98250 | 8.6878 | 6.610 | 277.760%0
89.375 | 6.70TL 8575 | 86.20645 [ 98375 | 87233 [ 6.583 | 283.05150
89.500 6.7292 8.546 87.46479 98,500 8.7591 | 6.556 288, 6420
89.625 6.7515 8,518 88.74594 98.625 8.7951 6.529 29k, 00550
89.75¢ | 6.7739 8489 90-050k7 |[ 98750 | 8.831% | 6502 299.67500
89.875 6.7964 8.461 91.37843 98.875 8.8680 6.475 305, %7970
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34 NACA TN 3322

TABLE II.- INITTAL~EXPANSION FLOW

(a) Characteristic nets

Point v or v, X A v, X
A g deg Point deg Yer Yer ¥ Polnt deg Yer ;% ¥
1 0.03125 7 = 0.0625° 1 = 0.250°
2 L0625
3 125 a,1) 0.06250 0.14243 ) .0 ¢,3) 0.250 0.21462 0] 0
y .25%0 a,2) -09375 15675 08423 . 08420 c,4) .375 . 240Gk 09678 . 09663
5 <375 2,3) 15625 .17ke2 217243 17234 e,5) 500 25845 -15438 .15k06
ga,h) .28125 .19510 .26033 .26010 ¢,6 625 L2TAGh 19524 L194T75
g . ;gg a,5) k0625 .20903 . 31061 .31023 e,T 875 . 29264 .25255 25165
8 1.00 a,6) 53125 .21979 34559 | L3hso7 | §91§)2 1125 | .30869 | .29%00 | .29168
9 1.25 2,7) 78125 .23632 .39391 39305 ©,9) 1.375 32204 . 32lzh 32255
10 1.50 2,08) 1.03125 L2491 RI-yiSY . ¢,10) 1.625 33359 34996 34767
a,9) 1.28125 . 25982 . 45354 15195 ¢,11) 2.125 .35318 +39056 38720
11 g.gg a,10) 1.53125 . 26906 Lol 7265 e,12) 2625 +36970 BT 41789
12 .
13 3,00 a,11) 2.03125 .28h7h .5079% +50507 ¢,13) 3.125 . 38420 BTy ¢ Ldimo6
1% 3.50 a,12) 2.55125 -2979% +53397 53015 .| (e,1%) 3.625 <4761 - k6khs
15 4.25 2,13) 3.03125 30957 55551 55067 ¢,15) 4.375 Loz 50099 49163
a,14) 3.53125 +32003 .5THOL .56808 c,16) 5.125 43089 52639 .51465
16 5,00 a,15) 4.28125 L334T .597686 .59016 e,17) 6.125 . 45030 .55605 54083
17 6.00
18 7.00 a,16§ 5.03125 . 34696 L61845 .60883 ¢,;18 7.125 46818 .58238 56336
19 8.00 a,17, 6.03125 36251 LGhalT .63005 ¢,19 8.125 48hg3 60638 58321
20 9.00 2,18) 7.03125 37683 .66378 64829 ¢,20 9.125 50083 62867 .60103
a,19) 8.03125 39024 68317 66435 ¢,21 10.125 251607 64970 61723
21 10.00 a,20) 9.03125 o297 70118 67876 e,22) 11.125 53079 66978 63212
22 11,00
23 12,00 (a,21) 10.03125 415t .T1815 .69185 ¢,23) 12,125 54510 68913 64593
2k 13.00 a,22) | 11.03125 -h2695 3435 .70388 c,2h) | 13.125 55907 - 70793 .65882
25 14.00 a,23) 12.03125 43840 . TH996 »T1503 ¢,25) 14,125 .57280 .T2635 67093
a,24) 13.03125 A4959 .76512 L72543 éc,26) 15,125 58631 < Th448 68235
Ji% . 88 a,25) | 1k.03125 46058 . TT99% .T3520 ¢,27) | 16.125 59967 76242 69317
27 .
8 17.00 a,26) 15,0315 R Yek - T9U56 S Thlid c,28) 17.125 ,61290 . 78025 . TOB346
9 18.00 2,27) 16. 03125 48208 .80902 . T551h ¢,29) 18.125 6260k 79805 JTA327
30 19.00 a,28) 17.03125 L9266 .82338 ST61h% c,30) 19.125 63912 .81588 72265
3 20.00 a,29) 18.03125 50317 .83770 .T6935 ¢,31) 20.125 65216 83381 .T5164
32 21.00 a,30) 19.03125 .51363 85206 LTT692 (c,32) 21,125 66518 851% 7hoat
a,%1) 20,03125 52406 86648 L8417 A
8,32) | 21.03125 53T .86100 .T9113

‘ n = 0.,125° 1 = 0.5000

b,2) 0.1250 0.17288 0 (3} a,k) 0.500 | 0.27082 ¢} ¢}

b,3) L1875 .19248 .09119 L09113 a,sg 625 .29072 .05940 . 05923
b,4} .3125 21581 .18455 .1843% a,6 <750 . 30604 .10232 .10195
b,5) 4375 .23135 23877 .238ln Ed;'?) 1.000 .32957 16344 16264
b,6) +5625 24333 27677 27625 a,8) 1.250 3h781 20719 .20501
b,7) .8125 L26173 +3295% 32865 d,9) 1.500, 36298 241735 23955
b,Bg 1.0625 27599 + 36649 36522 4,10 1.750 37612 . 26942 .26708 .
b,9 1.3125 28786 39498 39330 d,11 2.250 39839 .38 131063
b,10) 1.5625 29813 1820 11608 d,12 2,750 Ja7i7 .34948 3461
b,11) 2.0625 +31556 45490 45181 4,13 3,250 43366 37887 31257
b,12) 2.5625 . 33025 48363 7949 d,14) 3.750 14850 -hokar - 39639
b,13) 3.0625 .34315 50742 .50215 a,15) 4,500 .116858 3701 Jhoén
b,14) 3,5625 35477 .52786 .52138 a,16§ 5.250 JUBETY 46343 sl
'b,15) k3125 37048 . 55h2 54579 a,17 6.250 .50882 49867 LkBLY76
b,16) 5.0625 38469 57702 56644 (a,18) 7.250 . 52915 52823 50702
b,r{g 6.0625 40196 60360 .58992 d,19§ 8.250 54820 55519 +52930
b,18 70625 41786 62719 61011 a,20 9.250 56629 58026 54931
b,19) 8.0625 Jze76 64866 .62789 d,21) 10.250 .6039% 56752
b ,20; .9.0625 44690 66861 .6U438) d,22) 11,250 .60038 ~62654 58427
(b,21 10. 0625 L6045 68742 65834 (a,23) | 12.250 61666 64835 .59980
b,22) 11.0625 T35k . TO537 67167 d,24) 1%.250 63257 -66956 61430
b,23) 12.0625 48627 . T2266 .68402 d,25) 14,250 64820 .690%3 62793
'b,2k) 13,0625 49870 ST394T .69555 a,26) 15.250 66359 . 71078 64079
b,25) 14,0625 51090 .T5592 . T0637 d,ZYg 16.250 .67880 « 75104 65208
b,26) 15,0625 .52292 STT211 .T1658 d,28 17.25%0 693437 .75119 .66UsT
'b,27) 16.0625 .53479 . 78813 .T2625 d,29) 18.250 .70884 -TTL130 67563
b,28) 17.0625 54655 . 80405 . T3545 d,30 19.250 723Th L7945 . 68621
'b,29) 18.0625 55823 81994 . Thk22 a,31 20.250 . 73861 R:3k kol 69635
b,iog 19.0625 +56986 83586 75261 (8,32 21.250 < T5345 83213 . T0609
b,31 20,0625 58144 .85185 76065

b,32) 21.0625 59302 . 86796 . 76857




NACA TN 3322

TABLE II.- INITIAL-EXPANSION FLOW - Continued

(a) Characteristic nets - Continued

i Vs X v v, X
Foint deg Yer Yer ¥ Fotut deg Yer 5& ¥
7 = 0.750° n = 1.500

(e,5) 0.750 | 031222 | o 0 (g,7) 1.50 0.40278 0 0
(e,6) .875 .32880 .olbzks LOl325 (g,8) 1.75 42563 .ok6T72 .ohé19

e,7) 1.125 . 35408 . 10607 .10542 (2,9) 2,00 RANES 08401 08290

e,8) 1.375 L3740k .15136 .15020 (g,10) 2.25 46118 L11517 L113k42
(e,9) 1.625 .39048 .18697 .18526 (g,11) 2,75 . 48920 L16570 .16252
(e,10) 1.875 JhobTL .21638 .21409 (g,12) 3.25 .51287 20620 .20145
(e,11) 2.375 .42885 -26350 .25992 || (g,13) 3.75 - 53366 .24031 .23385
(e,12) 2.875 Jlihopy . 3008% . 29585 (g,1k) 4.25 .55240 .26998 | 26167
(e,13) 3,375 6709 .3%201 32550 | (2,15) 5.00 SSTTTS . 30868 .29736
(e,14) 3.875 48319 .35896 35081 || (g,16) 5.75 60070 .3hoh5 .3278)
(e,15) 4,625 50496 .39391 .38310 (g,17) 6.75 .62864 .38221 . 36278
(e,16) 5.375 52466 yehes 055 2,18) 7.75 .65438 L1776 .3930k4
(e,17) 6.375 . 54861 45980 L1188 g,19) 8.75 67852 45033 .419083
(e,18) 7375 . 57068 .49146 46890 2,20) 9.75 L TOLkk . 48073 396
(e,19) 8.375 .59135 . 52036 49276 (g,21) 10.75 72344 -50951 . 46597
{e,20) 9.375 .61098 L5727 k21 f (g,22) | 1175 < Thl7L .53708 . 48626
(e,21) 10.375 .62980 -57269 +53373 g,23) 12.75 . 76540 56372 - 50511
(e,22) | 11.375 64799 -59799 .55170 g,2h) | 13.75 . 78563 58969 . 52274
(e,23) 12.375 66568 6204k .56837 2,25) 1k, 75 . 80551 .61518 .53933
(e,2h) 13.375 68296 L6326 .583%95 g,26) 15.75 82511 64031 55500
(e,25) 14,375 .6999% 66562 . 59859 (g,27) 16.75 LBhkkg | 66524 . 56987
(e,26) 1 15.375 JT1665 . 68764 61241 g,28) | 17.75 - 86371 69008 . 58403
(e,27) | 16.375 73318 . TO946 62551, 2,29) | 18.75 .88281 .T1hg0 5975k
(e,28) | 17.375 74956 L7317 63797 || (2,30} | 19.75 90184 . 73982 .61048
(e,29) | 18.375 . T6584 . 75285 64986 || (g,31) | 20.75 . 92084 . T6489 . 62289
(e,30) 19.375 . 7820k <TTE59 6612k (2,32) 21.75 . 93982 . T9020 63482
(e,31) | 20.375 -79821 .ggezm 67215
(e,32) 21.375 . .81435 . 81848 68263

7 = 1.00° n = 2.00°

(£,6) 1.00 0.34637 o] 0 (n,8) 2.00 0.145000 0
(£,7) 1.25 .37338 . 06320 L0627k (n,9) 2.25 .h7032 .03757 . 03697
(£,8) 1.50 39434 .10930 .10832 (n,10) 2.50 48795 . 06914 .06788
(£,9) 1.75 41178 .14576 L1h21 (h,11) 3.00 .51792 .12065 .11792
(£,10) 2.00 .h2689 .17600 .17385 (h,12) 3.50 54324 .16222 .15785
(£,11) 250 .b5252 22466 .22117 (n,13) 4.00 . 56551 .19739 .19123
(£,12) 3.00 s .26%39 L2582 (h,1k) k.50 58559 . 22809 .21999
(£,13) 3.50 g3l .29582 .28925 (h,15) 5.25 61277 . 26827 .25700
(£,1k) 4.00 .51026 32302 31563 (h,16) 6.00 .6373%9 .30346 .28872
(£,15) 4.75 .53340 360k, 3493k (n,17) 7.00 66737 . 34500 .32517
(£,16) 5.50 55433 .39219 . 5780k (1,18) 8.00 .69501 38224 35680
(£,17) 6.50 .57980 Lh2gh6 .11085 (n,19) 9.00 . 72094 RISTSE .38487
(£,18) 7.50 .60326 46269 43919 (r,20) 10.00 - 74558 JLh8ho k1019
(£,19) 8.50 62525 49307 Lh6hol Eh,El) 11.00 . 76923 47871 43331
(£,20) 9.50 L6h61k .52138 48677 h,22) 12.00 79211 50778 RIS
(£,21) 10. 50 66616 54813 .50729 (n,23) 13.00 81437 . 53591 RN
(£,22) 11.50 68551 57373 52619 gh,21+) 14.00 83615 .563%5 -49303
(£,23) 12.50 . ok3k - 5981k 54373 h,25) 15.00 .85755 59030 51051
(£,24) 13.50 72273 .62250 .56012 éh,26) 16.00 87866 .61692 52703
(£,25) 14.50 . 74080 64609 57553 h,27) 17.00 .89955 64333 .5h272
(£,26) 15.50 . 75861 6693l . 59008 (h,28) 18.00 . 92026 66966 55766
(£,27) 16.50 77622 .692%8 .60388 (h,29) 19.00 . 94086 69600 .57193
(£,28) | 17.50 79367 .71531 61701 || (n,30) | 20.00 96140 .22kl .58559
(£,29) 18.50 .81100 . 73822 62951 (n,31) 21.00 .98190 . 74908 59870
(£,30) 19.50 .82827 . 76119 64153 (h,32) 22,00 1.00240 . 77598 .61131
gf,il) 20.50 84550 . 78430 .65303

£,32) as0 . 86272 .8o761 .66408

35
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TABLE II.- INITTAL-EXPANSION FLOW - Continued

(@) Characteristic nets - continued

v, X X i Vs X J
Point deg Yer Yer ¥ point deg Ycr Yer ¥
7 = 2.50° 9= 5.08
€1,9) 250 0.49174 0 0 (1,12) 5.00 0.66124 0 0
i,10) 275 51033 L03172 .03106 (1,13) 5.50 .68978 L03712 . 03514
i,11) 3,25 54197 .08376 .08160 (1,14) 6.00 L1563 07005 . 06589
1,12) 3.75 . 56873 .12598 .21k 51,15) 6.75 . T5075 .11387 .10606
1,13) h.25 59228 .16186 15617 1,16) T.50 . 78269 .15286 . 14098
(1,14) 475 61353 .19329 18559 (1,17) 8.50 Ryl .19956 . 18164
§ 1,15) 5-50 L6h231 23455 .22356 1,18) 950 .85789 .2h2o1 21735
1,16} 6.25 .66839 .27080 .25619 1,19) 10.50 .89192 L2814 ~2493%
(1,17) 7.25 LTO0LT .31370 .29378 1,20} 11.50 92436 31860 27835
(1,18) 8.25 . Te9u8 35226 . 32648 (1,21) 12.50 95557 35415 30510
$1,19) 9.25 L T5700 3877 35554 él,&) 13.50 +98585 .388k9 32988
1,20) 10.25 .78317 12096 38179 1,23) 14.50 1.01540 Je1ok 35303
(1,21) 11.25 . 80829 45250 ko579 {1,24) 15,50 1.04%38 Lesh7s 37479
(1,22) 12.25 .8%260 18279 %2795 (1,25) 16.50 1.07293 L4878 39535
(1,23) 13,25 85626 .51214% hu8s7 (1,26) 17.50 1.10119 .51935
(1,24) 14.25 87942 54079 46789 sz,e"() 18.50 1.12914 55137 R
(1,25) 15.25 .90220 56896 . 48609 1,28) 19.50 1.15698 .58347 45115
1,26) 16.25 92466 .59680 -50330 (2,29) 20.50 1.18472 61572 46812
1,27) 17.25 94690 62445 51965 1,30) 2150 1.21243 64823 Rt
1,28) 18.25 96897 65203 .5352% 7,,313 22,50 1.24018 .68110 .50008
( ) " 67968 5501 1,32 2350 1.26798 .TLukY .51517
1,29 19.25 + 990! . .
(1,30) 20.25 1.01280 . T0759 L 56k37 n = 6.00°
(1,31) 2125 1.03467 < 13536 57806
(1,32) 22.25 1.05653 . T6361 .59123 &m, 13) 6.00 0. 71997 0 0
m,14) 6.50 . T4734 05307 03086
1 = 3.0 (my15) 7.25 78459 07725 07133
m,16) 8.00 .B1852 .11673 1066k
Ej,mg 300 0‘22978 0 o528 0 sorT gm,17) 9.00 . 86006 L16h22 14791
3,11 3,50 56290 0522 .0
(3,12) %, 00 .59095 .09kg2 .09169 {m,18) 10.00 89857 . 20755 .18ho7
(3,13) 450 61565 .1%128 12616 (m,19) 11.00 93486 .24791 .a692
(3,1h) 500 63795 16322 15604 (m,20) 12.00 .96950 28611 24666
(m,21) 13,00 1.00288 32271 L2740k
% 3 ,12% 2,75 .26818 . 22522 .19;& (m,22) 14,00 1.0%528 .35615 .25948
3,1 .50 69559 k2 .22
(3,17) 7-50 72901 .28635 26652 (m,23) 15.00 1.06692 +3927h 32329
3,18) 8.50 . 75986 32598 30006 (m,24) 16,00 1.09799 42673 34569
3»19) 9.50 . 76883 . 36251 32992 (m,25) 17.00 1.12862 L6036 36688
{m,26) 18.00 1.15897 .49383 38703
(3,20) 1050 .81639 39677 .35693 (m,27) 19.00 1. 18902 52716 40618
3,21} 11.50 . 84286 42935 38165
i,22) 12.50 .86848 46067 Jhouso gm,ae) 20,00 1.21896 56062 Loks0
35,23) 13,50 .8934% 49105 42578 m,29) 21.00 1.24883 59429 L4006
(J,2h) 1450 .91788 5207k 573 {m,30) 22.00 1.27869 62827 5892
(m,31) 23.00 1.30861 66267 L7515
23 ,223 ﬁ% gg . glélszi . Bhggé . hhghsB 1 (m,32) 24.00 1.33862 69758 49079
3,2 . . 57685 233
(3,27) 17.50 98913 60758 ook ) n =T.0C
{3,28) 1.01245 L63626 51536
(3,29) 19,50 1.03566 66498 53077 n,1%) 7.00 0.77613 0 o
n,15 T.75 . .815%8 L Olh35 . 0k060
(3,30) 20.50 1.05880 69387 54550 n,16) 8.50 .85118 0841k .07615
(4,31) 21.50 108194 72300 55973 (n,27) 9.50 . 89507 13218 11783
(j,32) 22,50 1.10508 LT5245 57338 (n,18) 10.50 .93583 -17617 .1546b
n = 4.0o° (n,19) 11.50 .97429 .21728 18782
(n,20} 12,50 1.01104 25630 .21809
(x,11) k.00 059862 (o] [+] (n,21) 13%.50 1.0u649 .29377 . 24601
(x,12) 4,50 62894 .0h300 .0h125 {n,22) 14,50 1.0809% +33013 .27199
gk,lig 5.00 g%%% .ﬂggi %gg}{ (n,23) 15.50 1.11462 36569
k, 5.50 E .
(kil’j) 6.25 . T1266 .15568 14629 (n,24) 16.50 1.14771 30070 31926
n,25) 17.50 1.18037 43539 34008
x,16) 7.00 h2k6 19390 18059 n,26) 18.50 1.21276 6997 36165
X,17) 8.00 .T788% 23950 22037 n,27) 19.50 1.24485 L5047 38131
(k,18) 9.00 . gﬁ% . 2%76 . 22218 {n,28) 20.50 1.27685 .53915 L hoo1k
X, 1 10.00 . 8hho7 31893 28627
Ekag § 11.00 BT 35485 L3146 (n,29) 21,50 1,30881 57408 11820
§n,50) 22,50 1.34078 60939 43556
(x,21) 12.00 .90311 . 38909 34031 n,31) 25.50 1. 37284 64519 5227
{k,22) 13,00 .93116 Jhe210 .36425 (n,32) 2k.50 1.450502 68155 .46839
2w | 2| up | e
k, 2 15.00 985 . . n=8.
%,25) 16.00 1.01166 51656 42733 7 ) 5 Py
0,15 .50 0.857 [ 0
(k,26) 17.00 1.03771 54723 k608 20,16) 9.25 .89588 .0k000 03571
gk,é"{) 18.00 1.06352 STTT8 46391 0,17) 10.25 94312 .08855 L0776
x,28) 19.00 1.08917 60831 . 48092 0,18) 11.25 .98711 13325 .11508
gk,egg 20.00 1. 1&71 222915 . hzznsg 0,19} 12.25 1.02870 17520 14879
%,30 21.00 1.14021 6697 .5
k,31) 22,00 1.16571 . 70093 .52780
(x,32) 23.00 1.1912k .T32h45 . 5h2ok
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TABLE 11.- INITIAL-EXPANSION FLOW - Continued

(2) Characteristic nets = Continued

Vs

Point Point .
deg Ycr 'Y}Efl’ ¥

vy o~ 2 ¥
deg Ycr Ycr

n = 8.50° = Concluded ” 1 = 12.00° - Concluded

(0,20) | 13.25 | 1.06850 |0.21516 [ 0.17965 || (@,27) | 22.00 | 1.49082 |0.40267 | 0.278k7T

(0,21) | 14.25| 110696 | .25368 [ .20819 a,28) | 2300 | 1.53305 | .4h203 | .29902

0,22) |15.25| 1.14439 | .29118 | .23481 q,29) | 24.00 | 1.57538 | 48195 .31879

b,23) |16.25] 1.18104 | .32795 | .25979 || [a,30) | 25.00 | 1.61792 | .52256 | .33786

o,2k) |17.25 | 1.21710 | .36k26 | .28337 g,31) | 26.00 | 1.66076 | .56397 | .35628
(a,32) | 27.00 | 1.70%9% | .60630 f .374l0

(0,25) | 18.25 [ 1.2527% | .4o032 [ .30573

(0,26) |19.25( 1.28813 | .43635 | .3270L n = 14.00°

(0,27) | 2025 | 1.32324 | k7238 | .34T34

0,28) | 21.25 | 1.358%0 | .50867 | .36680 | (r,18) | 14.00 | 1.14788 |0 0

50, 29§ 22251 1.39335 | .545%0 | .38548 || (r,19) | 15.00 | 1.20024 | .ok332 | .034hT

(r,20) | 16.00 | 1.25069 | .08493 | .06631
(0,30) |23.25 [ 1.42847 | .58240 | 40346 || (r,21) | 17.00 | 1.29974 | .12560 | .09599
(o,31) |'24.25 | 1.46373 | .62008 | .42079 || (r,22) | 18.00 | 1.34777 | .16562 | .12386
(0,32) | 25.25 | 1.49916 | .658k2 | 43752

(r,23) | 19.00 | 1.39507 | .20526 | .15019

1 = 10.00° (r,24%) | 20.00 | L.W4285 | .2kh77{ .17518
(r,25) | 21.00 | 1.48833 | .28435 | .19900
(p,16) |10.00 | 0.93685 |0 0 r,26) | 22.00 | 1.53471 | .324k22 | .22180

(p,17) |11.00 | .98731 | .04879 | .Ok222 r,27) | 23.00 | 1.58097 | .36442 | .24362
(p,18) [12.00 | 1.03437 | .09392 | .07982
(p,19) |13.00 | 1.07896 | .13645 | .11389 gr,28) 2400 | 1.62738 | ko522 | .26L462
(p,20) |14.00 | 1.22173 | .17712 | 14516 || (r,29) | 25.00 | 1.67399 | .Mu670 | .28485
(r,30) | 26.00| 1.72092 | .48901 | .30439

B b

(p,21) |15.00 | 1.16312 | .21645 | 1715 | (r,31) | 27.00 | 1.76825 | .53228 | .32328
Ep,22) 16.00 | 1.20347 | .25485 | .=zo12k || (r,32) | 28.00 | 1.81604 | .57660 | .3k157
7,23) |17.00 | 1.2430k | .20262 | 22672

(p,24) [18.00 [ 1.28203 | .33000 | .25081 | n = 16.00°

(p,25) [19.00 [ 1.32062 | .36723 | .27369
P gs,l9g 16.00 | 1.25640 | o 0

|p,26) 20.00 [ 1.35898 | .4oLk50 | .29552 8,20) [ 17.00 | 1.31066 | .0o4189 1 .0319%
p,27) |21.00 | 1.39710 | .44186 | .3163h4 s,213 18.00 1.26%?« .08290 | .061TT
(p,28) |e22.00 | 1.43522 | 47957 | .33633 || (s,22) | 19.00 | 1.M1543 | 12340 | .08985
Ep,29§ ez.oo 1.47336 .51271 .5525h (s,23) | 20.00 | 1.46662 | .16365 | .11643
2k.00 | 1.51164 | .55640 | .3T7hOL

) |25.00 | 1.55011 | .59578 | .39189 || (s,24) | 21.00| 1.51737 | 20390 | 14170

) |26.00 | 1.58882 | .63592 | ko913 || (s,25) | 2200 | 1.56788 | .24k36 | .16582
(s,26) | 23.00 | 1.61837 | .28523 | .18895
1 = 12,00° (s,27) | 24.00 | 1.66883 | .32655 | .21112
(s,28) | 25.00 | 171954 | .36861 | .23248

q,17) [12.00 | 1.04188 |0 0
4,18) [13.00 [ 1.09294 | .ok5k0 | 03777 || (s,29) [ 26.00 | 1.77057 | .¥1148 | .25309
(q,19) [14.00 | 1.1k1kk | .0884%0 | .07212 || (s,30) | 27.00 | 1.82203 | .45532 | .27301
(q,20) [15.00 | 1.18808 | .12972 | .10376 || (s,31) | 28.00 | 1.87401 | .50026 | .29229
(a,21) |16.00 | 1.23331 | .16985 | .13317 || (s,32) | 29.00 | 1.92660 | .54641 | .31098

(a,22) [17.00 | 1.27751 | .20918 [ .16073
(q,23) |18.00 | 1.32093 | .2u801 | .18670
q,24) |19.00 [ 1.36381 | .28657 | .21131
q,25) |20.00 [ 1.40633 | .32509 | .23472
a,26) [21.00 | 1.44867 | .%6378 | .25709
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TABLE II.~ INITIAL-EXPANSION FLON = Continued
(@ Characterfstic nets - Concluded

vy X T Vs _x_ D
Point deg . Yor ¥ Point dog Yor Yor ¥
= 18.000 n = 26,00° - Concluded
(t,20) 18.00 1335 | 0 o} (x,29) 31.00 | 2.24971 | o0.22472 | 0.11556
(t,21) 19.00 142448 .oh117 . 02991 (x,30) 32,00 2.3268) L2746 . 13658
(t,22) 20.00 1.h8127 .08197 L05811 (x,31} 33.00 2,40543 .32548 . 15703
?;,23) 21.00 1.5343 12266 .08485 (x,32) 34.00 2.48563 37887 .17695
t,24) 22.00 1.59121 .16349 11032 -
= 28.000
(%,25) 2.0 1.645%5 . 20465 L13467 2
(t,26) 24.00 1. 70056 .24635 .15805 éy,ES) 28.00 200973 | o 0
(t,27) 25,00 1. 75534 . 2886k . 18049 ¥,26) 29.00 | 2.10776 .OU3T3 02389
st, 28) | 26.00 1.81080 .33179 2021k (v,27) | 30.00 2-]& . 08875 . 04696
+,29) 27,00 1.8580 37590 .22305 (v,28) | 31.00 | 2.28573 13533 . 06935
(t.30) 5800 . omees \211 - (¥,29) | 32.00 | 2.34819 . 18362 .09108
, . . . .
ﬁt,}l) 29.00 1.97908 L6759 26289 (y,30) 33.00 2.4%120 +25379 11221
t,%2) 30.00 2.0 .51543 . 28192 §y,51) 34.00 | 2.51593 28602 .13P™
2)10;)'3' ¥,32) 35,00 | 2.60255 34050 .15285
T] =
= 30,00°
(u,21) 2. 1,48611 0 0 1
(u,22) | 21,00 1.54586 04091 .02826 (z,26) 30.00 | 2.19099 | 0 0
(u,23) 2. 1.6807 08192 .05510 (z,27) 3.0 | 2.27528 04516 . 02310
(u,2k) 23.00 1.6638 ,12317 . 08070 (z,28) 2.0 2.3%6105 . 0920k .0l55%
(u,25) 24.00 1.72266 16487 .10522 éz ,29) 3B.00 2, 44843 L1ko76 06733
2,30) 34,00 2.55762 L1915k . 08855
(w,26) | 25.00 1.78191 20726 .12879 Ez,}l) B0 | 26280 | .26 .10925
gu, 2;3(; %&% 3..984]_‘]591 R 25226 . 151&15 2z,32) 36,00 2, 72221 . 30000 12940
u,2 f 00! L2947 L1733
%u,egg %%O) 1.9615 . 53261 .193&2 7 = 32.00°
1,30 . 2,02231 3861 2149
(u,31) 0.0 2.840 BT 23486 (at,2r) | .0 | 2384 | 0 0
(u,32) 3.0 2.1418 L4831 L2547 éa 1,28 3 33,00 | 2.45694 LOl702 .o022hs
a',29) | 34.00 2.559012 L 09505 Okhog
n = 22.00° (a',EO; 35,00 2,64621 .1h729 06557
@',n HB.00 | 2.74k23 . 20095 . 08632
(v,22) 2. 1.60966 | o 0 (a',32) | 37.00 | 2.84h77 .2572% .10658
(v,23) 2.0 1.67300 .olk1le . 02688
gv,zh) 24.00 1.7%16 . 08263 .05257 n =300
v,25) 5.0 1. L1245 +0TT720
(v,26) 2.0 1. 16767 .10091 (b',28) | 34.00 | 2.55485 | 0 0
(b',29) | 35.00 2.65495 .04918 .02186
(v,27) 27.00 1.99631 21145 .12373 (v?,30) | 36.00 2.75748 .10075 .ohz1y
(v,28) 28.00 1.99134 25638 .14580 (0',31) | 37.00 255’2?() .154%91 . 06398
gv,zgg 29.00 22?3%3 . ;c;giu .12’%? (b',32) |- 38.00 | 2.97081 .21188 .08L431
5,30 30,00 L1227 . 2 .18
§v,51) 31.00 2,18998 . 3007 .20798 n = 36.00°
v,32) 32,00 2.5331 45012 .22753
(c',29) | 36.00 2.76189 0 0
1 = 2k.00° (e’,30) | 37.00 | 2.87165 .05173 .02133
(e*,31) | 38.00 2.984k46 .10624 .oka1t
§w,2133 2@ i.gggﬁ o] oh165 0 02573 (e',32) | 39.00 3.10059 .16376 06254
W,2 25,00 . . .
(w25) | 26.00 | 1.8/84 | .o8uok | .05043 2 = 3B.00
(w,26) 27.00 1.94%403 .127%6 .o7hok
(w,27) 2@ 2.012700 .17169 .09718 (a',30) | 38.00 | 2.98001 | O 0
(a*,31) { 39.00 %.10986 . 05469 . 02086
Ew, 28% %(&)} g 0826231 . 2550 .ﬁgg? (a*,32) | %0.00 | 3.23447 .11258 o2t
Ww,29 . 1521 26430 .
gw,5o§ 31,00 22.22u16 .5%285 .12179 7 = 40.00°
W,31 32,00 29001 . 3631 .18209
(w,32) 33,00 2.37102 L1534 .2018% (e',31) | %0.00 3.23921 0 0
(e*,32) | ¥1.00 | 3.37282 . 05809 . 02042
1 = 42.00°
§x o) 26,00 183014 | o 0
%,25) 27.00 1.95253 .0hes2 . 02473 (£4,32) | 2.0 3,51597 (0] o]
(x,26) 2.0 2.5A .08612 .ol859
§x, 27) 29.00 2.0050 .13085 L0761
x,28) 0.0 21730 17702 .09392
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TABU II.- INITIAL-EXPANSION FLOW - Concluded

() Flow parameters at y =0

- vB) _r X au
Point deg Ter Jer d(-i-
Yer
ga,l) 0.065 1.000129 0.1k42k3 0.8
b,2) .125 1.00088 .17288 .258
(c,3) .250 1.000828 21462 .310
(d,4) <500 1.0 . 27082 .57
(e,5) . 750 1.003625 . 31222 o9
(£,6) 1.0 1.005349 . 34637 s
(g,7) 1.50 1.009275 40278 198
(h,8) 2.0 1.013737 459000 .53%
(1,9) 2.50 1.018665 o117k 555
(j,10) 3.0 1.CrA010 . 5978 .55
(x,11) L.o 1.035361 . 59862 .607
(1,12) 5.0 1.049103 66124 .629
(m,13) 6.0 1.063689 . 71997 643
(n,1L4) 7.0 1.079571 77613 .651
(0,15) 85 1.105792 - 8574k . 656
(p,16) 10.0 1.134906 . 3BH .63
a,17) 12 1.178347 1.0419 645
(r,18) 14 1.227349 1.14/0 631
(s,19) 16 1.287311 1.2564 .61h
(+,20) 18 1.343740 1.3337 59
(u,21) 20 1.41274 1.4861 5P
(v,22) 2 1.488589 1.7 .50
(w,23) 24 1.573611 1.74%6 526
(x,24) o) 1.668326 1.8801 501
(y,25) 28 1.773%918 2.0297 76
(z,26) 30 1.891760 21910 JAso
(a',27) 32 2.023455 2.332 ey
(b',28) A 2.170891 2.58 403
(c',29) 36 2.36%° 2./819 .3P
(a',30) 38 2.522160 2.980 b
(e',31) Lo 2.731631 3.2392 .33
(£',32) 42 2.933°78 3.5180 .308
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TABLE I11.- SECONDARY-EXPANSION FLOW

@ vg=6°
v, X X v, X L
Point acg Yo o ¥ Point dog Yo - ¥
= 0.750°
(a,13) 0.55551 0.55067 (e,;13) 3.375 0.46709 0.33201 0. 32550
(a,14) 57632 . 57025 (e,14) 3.875 L85k .36122 35294
§a,15) 61106 602l (e,15) 4.625 .51296 40684 .39509
a,16) 64923 .63702 ge,16) 5.375 . 54386 RITIELY 43816
(a,17) < TOMN3 68579 e,17) 6.375 - 58853 52074 . 49657
(a,18) - 76399 73678 (e,18) 7.375 .6%693 59018 -55585
(2,19) .8275k% . 78941 (e,19) 8.375 .68886 66279 .61579
(a,20) .89489 . 84328 (e,20) 9.375 LThhat ,73861 67621
(a,21) . 96605 .89817 (e,21) 10.375 .80282 .81782 .T3706
(a,22) 1.04105 . 95388 (e,22) 11.375 L 86475 . 90056 . 79824
a,23) 1.12001 1.01029
(e,23) 12.375 92996 . 98703 .85972
1= 0.125° (e,2k) 13.375 L9984y | 1.077H3 .92143
(e,25) 14,375 1.07024 1.17200 .983%6
{b,13) 3.0625 0.34315 0.50742 0.50215 (e,26) 15.375 1.1454%0 1.27102 1.04548
(b,1h) 3.5625 . 35608 53007 252356
(v,15) 4.3125 37827 .56Th2 . 55803 7 = 1.0D
(b,16) 5.0625 Lho3k2 L6075 .59459
(b,17) 6.0625 .4hog2 66547 L6h557 (f,13) 3.50 0.49314 0.29582 0.28925
(£,14) 4.00 .51162 .32616 LBLTT3
(b,18) 7.0625 18259 72727 69846 (£,15) 4.75 . 54148 .37327 36122
(v,19) 8.0625 . 52809 . 79286 .T5276 (£,16) 5,50 .57373 Jheo21g Lhoshl
(b,20) .9.0625 57718 . 86210 .80813 (£,17) 6.50 .62009 49003 RIS
§b ,21) 10. 0625 62976 .9%506 86438
b,22) 11.0625 | .68572 1.01178 .92134 (£,18) 750 67012 . 56089 . 52559
(b,23) 12.0625 . T4503 1.09240 .97891 (£,19) 8.50 72362 63481 . 58654
(v,24) 13.0625 .8o76h 1.17705 1.03697 (£,20) 9.50 . 78048 . 71187 64787
(£,21) 10.50 84065 . 79227 . 70955
n = 0.250° (£,22) 11.50 . 90408 .87616 .TT1h9
(c,13) 3.125 0.38420 0.44887 0. 4306 (£,23) 12.50 .97081 . 96378 .83368
(c,1h) 3.625 .39858 R s iein 46661 (£,24) 13.50 1.04081 1.05532 .89605
(c,15) L.375 W) .51k12 .50381 (£,25) 14.50 1.11414 1.15103 .95860
c,16) 5.125 JoTt »5570L .5he6T (£,26) 15.50 1.19085 1.25120 1.02130
c,17) 6.125 48946 61772 .59627
n = 1.50°
(c,18) 7.125 . 53522 .68219 65142
gc,w) 8.125 58070 . 75021, STOTTL (g,13) 3.75 0.53%366 0.24031 0.23385
c,20) .9.125 63170 .82173 . 76486 (z,14) k.25 55379 .27218 L2637k
(e,21) 10. 125 .68612 . 8968k .8227% (g,15) 5.00 .58599 . 321%3 . 30906
(c,22) 11.125 . 74388 .97561 .88117 {g,16) 5.75 .62046 . 37206 .35485
g,17) 6.75 66965 . th208 41639
(c,23) 12.125 .8oho6 1.05823 .gko11
(c,2k) 15,125 .86933 1.14483 .99945 (g,18) T.75 . 72240 .5149% .478%9
(e,25) 1h,125 - 93701 1.23565 1.05915 (2,19) 8.75 . TT857 -59072 . 5hoTh
(g,20) 9.75 . 83804 .66956 .60%333
1 = 0.500° (g,21) 10.75 .90082 .T5170 66616
(g,22) | 10.75 . 96686 .83730 72917
(a,13) 3.250 0.4%366 0.37887 0.37257
(a,1%) 3,750 ko8l .4o6k9 .3985% (g,23) 12.75 1.03620 .92661 . 79235
(a,15) 4.500 L7650 45004 43879 (g,24) 13.75 1.1088L 1.01983 .85565
(a,16) 5. 250 .50576 .1958h . 48025 (g525) 1475 1,18484 1.11725 . 91907
(a,17) 6.250 .54836 55997 .53682 (g,26) 15.75 1.26427 1.21915 . 98259
(g,27) | 16.75 134717 | 1.32579 | 1.04619
(a,18) 7-250 .59480 -62749 59452
(4,19) 8.250 64485 69831 65306 7 = 2.00°
(4,20) 9.250 .698%3 .T7246 .Tae22
(a,21) 10.250 .T5517 85006 LTTL92 (n,13) 4.00 0.56551 0.19739 0.19123
(a,22) 11.250 .81531 .9312k . 83205 (h,1}4) 4.50 .58701 - 23026 .2220%
(h,15) 5.25 .62116 .28075 .26853
(a,23) 12.250 .87875 | 1.01619 .89255 (h,16) 6.00 65750 .33270 . 31535
(a,2h) 13.250 . 9usks 1.10509 .95335 (n,17) 7.00 . 70909 .hokig .37808
(a,25) 14,250 1.01547 1.19817 1.01442 | |
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TABLE: 111~ SECONDARY-EXPANSION AOWN - Continued

@ VB = 6° = Concluded

vy X A Vs X .
Foint deg Yer Yer ¥ Point deg Yer Yer ¥
n = 2.00° - Concluded n = 3.00° - Concluded
(r,18) | 8.00 |0.76418 |0.47841 0.44113 |] (§,23) | 13.50 | 1.17695 | 0.84672 | 0.70514
(h,19) | 9.00 | .82264 | .55550 | .504k1 || (3,24) | 14.50 | 1.25619 | 94301 | .76983
(h,20) | 10.00 | .88uho | .63561 | 56785 || (3,25) | 15.50 | 1.3389k4 |1.04358 | .83456
(h,21) | 11.00 | .okok6 | 71898 | .63145 || (3,26) | 16.50 | 1.k2527 | 1.14874 | .89933
(h,22) | 12.00 | 1.01779 | .80581 | .69517 3,27) 1 17.50 § 1.51525 | 1.25878 | .96k11
3,28) | 18.50 | 1.60901 | 1.37406 | 1.02892
§h,25) 13.00 | 1.08945 | .89636 | .75901 -
h,21bg 14.00 1.1&14151; .920;33 .ggéga n = %.00°
h,25) | 15.00 | 1.24283 {1.089 . 88693
§h,26) 16.00 | 1.32469 |1.19275 | .95101 %,13) | 5.00 | 0.65568 | 0.07991 | 0.07621
h,27) | 17.00 | 1.41009 {1.3007% {1.0151%4 1;,11;3 gzg :S(%ZZ 1%1;216 .12%5%
} . . . .
= 2.50° ék,16) 7.00| 76390 | .22175 ] .20585
k,17) | 8.00{ .8232h | .2961% | .27076
(1,13) | %.25 | 0.59228 |0.16186 {0.15617
| | e | e | i | e oo s | s | i
51116) 6.25 | .68884k | .29967 | .282L45 gkao) 11.00 | 1.0215% | .53584% .46575
1,17) | 7.-25| 74258 | .37223 | .34602 i (k,21) | 12.00 | 1.09436 | .62199 1 .53080
- o Tl 40680 (x,22) | 13.00 | 1.17057 | .71168 | .59587
1,18 25 1 .T79978 | LW4THS | 409
(,193 9.25 | .86033 | .52551 | .473TH ék,23) 14,00 { 1.25025 | .80517 | .66097
,20) | 1025 | .92417 | 60657 | .53778 || (k,2k) [ 15.00 | 1.33344 [ .90272 ( .72607
,21) [ 11.25 | .991%2 | .69089 | .60193 |l (k,25) | 16.00 | 1.L4202k | 1.0046k | .79119
,22) | 12.25 | 1.06077 | 77867 | 66616 || (x,26) | 17.00 | 1.51075 | 1.11123 | .85633
(x,27) | 18.00 | 1.60504 }1.2228¢ | .92146
1,23) | 13.25 | 1.13557 | .87019 | 73047 || (x,28) | 19.00 | 1.70326 {1.33972 | .98661
i,24) | 1h.25 [1.21275 .96566 | . 79483 Jl(1:,29) 20.00 | 1.80553 11.46238 | 1.05178
1,25) | 15.25 | 1.29337 |1.06538 | .85925 o
&1,26 16.25 | 1.37751 |1.16965 | .92372 1= 5.00
1,27) | 17.25 1.46525 11.27875 | .98823 "
(1,28) | 18.29 | 1.55669 | 1.39304 |1.05278 8,%133 2@ 06‘%%%7189 o.g;;(]o_g 0.82%5
s . . . .
n = 3.00° 1,15) | 6.75| .75097( .12542 | .11667
1,16) | 7.50| .80k75 | .18007 | .16563
(j,lzg k.50 0.21516;5 0.1%128 0.12316 1,17)1 8.50] .86Th2 | .25503 | .23088
1 00| . 21 .16 .15801
§,15) 2.75 .6'5(286 21%33 20591 | (7,18) ] .9.50 | .93351| -33263| .29616
j,16) | 6.50| .71638 | .27088 | .25%% || (2,19) | 10.50]1.00299 | .41309 | .36145
(3,17) | 7.%0| .77211 | 34423 | .31813 1,20) | 11.50 | 1.0758% | ko662 | .keb72
51,21) 1250 | 1.1521h | .58350 | .49202
3,18% 8.50 | .83126 .22021 Zﬁgﬁg 1,22) | 13.50 | 1.23193 | .67398 | 55731
1,1 . .8 Jggol | .
3,23) 18.3 .9%7 .5%281 .51133 1,23) | 1k.50 | 1.31527 | 76835 | .62262
3,21) 111.50 | 1.02866 | .66588 | .57588 éz,ah) 1550 | 1.bozak | .86682 | .68792
3,22) 112.50 | 1.10111 | .75hk2 | .6hok8 || (2,25) | 16.50 | 1.4929k | 96975 | .75323
(1,26) | 17.50 | 1.58747 | 1.07746 | .81855
(1,27) | 18.50 | 1.685gh | 1.19025 | .88386
(1,28) | 19.50 | 1.78849 |'1.30850 | 94917
(2,29) | 2050 | 1.89526 | 1.43261 | 1.01449

41
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NACA TN 3322
TABLE 111.- SECONDARY-EXPANSION FLOW ~ Continued
(b) vg =120
X J. i v X .
Point ;;g Yer Fer ¥ Point d:ag Yer Jer ¥
9 = 0.0625° 7= 0.750°
a,17) 6.03125 0.36251 064247 0.63005 &,17) 6.375 0.54861 0. 45980 0.44188
a,18) 7.03125 37887 66681 65089 e,18) 1375 57276 - Ighks L4146
a,19) 8.0%125 39801 L69lkg 67382 e,19) 8.375 . ggao . 55125 . 50209
ga,ao) 9.05125 Jhgr2 72521 .69839 29’20) 9.375 .62810 5T 53356
2,21 10.03125 14382 .T5875 72426 e,21) 10.375 65908 61287 56570
8,22) 11.03125 7021 . 79501 .T5120 $e,22) 11.375 69217 65708 . 59839
a,23) 12.03125 ko881 83399 . TT905 e,23) 12.375 12736 70575 63157
a,2lt) 13.03125 52956 87566 80764 Ee,ah 13.375 76461 75292 L6651L
a,25) 14.03125 .56246 .92012 . 83691 e,25 14,375 - 80396 Bok T .69908
a,26) 15.03125 59749 96742 . 86675 (e,26 15.375 .Bu5ko 85935 <3333
a,27) 16.0%3125 63463 1.01765 .89709 €,27) 16,375 .888ghL .91683 L76784
v geas | oER | BT | R | i | B | Rk | vdhm | B
:: ag) 19:02122 :75907 1:187h2 :99072 ei}og 19.375 1.0%3268 1.10845 87280
(=2,%1) 20.035125 .80499 1. 25090 1.02265 (e,%1 20.375 1.08511 1,17934 o
1 = 0.125° e,32) 21.375 1.13992 1.2541h L9h3TU
e,33) 22,375 1.1971h 1.33304 97945
5,17) 6.0625 0.40196 060360 0. 58992 e,34) 23.375 1.25685 1.la632 101530
b,18) g 06225 J41991 63022 .61270
b,19) .%% ﬁo? .25;922 227& 1 = 10D
b,20 . 062! . .
b:alg 1%.062 1;831? .72797 .69370 (£,17) 6.50 0.57980 0. 42946 0.41085
£,18) 750 60536 L6567 a3
b,22) 11.0625 51688 76597 .T1891 £,19) 8.50 63326 .50h21 47351
b,23) 12,0625 80 80663 STHTOM £,20 950 66338 5450k 50601
b,24) 13,0625 .57882 . 84903 STTT64 f:alg 10.50 69565 .58816 53909
2’22% %88% giggg 219;1?22 g%% £,22) 11 73002 63361 57265
’ 16'0625 ’ ’ “ gfizzg il -6l 61k -Boc6
b,27) ] 6876k 99664 . 870 £,2 13,50 . 80500 .T3185 64095
%biZB) 17.0625 L72817 1.05152 90173 éf ,25) 14.50 84561 78486 .67559
,29) 180625 .T7086 1.10960 .93378 £,26) 15.50 .88831 - 84062 . 71050
v | R L N e e,27) | 16.% 95313 89928 Th56k
biaz) 2120625 :91258 1:30501 1.0%185 éi{;ggi ig; 1.823%); l.ggég g?églf
5 . . . .
= 0.250° £,30 ] 1.08080 1.09451 . 85231
) L 2 gfjn; %&% 1.13458 1.16665 .88821
°’i§§ 6'55 °‘35§Zﬁ °'§Z§:‘3§ °'§c’f§g§ £,32) 21.50 1.19076 1.24271 92he7
21193 522 fugzgs '21226 :ZZ?,% érﬁgﬁ) g:}zﬁgg 151822 13252 '3692'7"}
20 9.125 51769 65263 . £, . . . .
2121) 10.125 +5hh90 .69018 64951 Ef,ﬁg 24,50 1.37430 1.49692 1.03%22
c,223 11.125 271;30 73028 67926 1= 1.50°
c,23 12,125 0585 -TT2 70971
c,2k) 13,125 .63950 .8182k -ThOT3 (,17) 6.75 0.628646 0.38221 036278
¢,25) 14,125 67527 86623 .TT228 2,18) 7.75 65651 Jh2o71 39554
¢,26) 15.125 -T1313 91702 .8ok27 g, égg g;g . _cﬁggg . lgsoizg . i:gggg
(c,27) 16.125 - 75309 - 97070 . 83665 (Ejal) 10.75 .15338 «5ho2l g7l
c,asg 17.125 79521 1.02748 86940
c,29 18.125 83948 1.08745 90246 gg,ZE) 11.75 .78988 .29655 53226
©,30) 19.125 88597 1.1508k .93581 8,23) 12.75 . 82846 .6h625 56742
(c,31) 20,125 +93UTL 1.21782 96942 (g,24) 13.75 86911 69841 60283
(e,32) 21,125 .98578 1.28863 1.00329 %z, :23 Ji); ';g . g)%?i . gg% . sgﬁgg
= 0.500° ’ '
L i (8,27) 16.75 1.00372 87123 JTLOLM
a,17) 6250 0.50882 0.49867 0.48176 (g,28) 17.75 1.05294 93481 . 74669
3,18) 250 53122 .5312h .50959 2,29) 18.75 1.10438 1.00167 .718308
4 19) éZgO . 55609 56643 53867 2,30) 19.75 1.1581% 1.0720% .81962
a,20) 1%'22‘500 .28323 .gmg 56875 &,51) 20.75 1.21426 1.14612 . 85629
a,21 612 . . .
-2 - > 55,32) 21.75 1.2728% 1.22418 .89%09
ga,zzg 11.250 % 6868k .gzug 2,53) gg ?{; i ;273;9 ll?;g(}}gg . gggg
4,23 12,250 . .T3192 66321 25 . . . .
a,2h) 13,2 ~TL362 ~TT95H 69585 éB,BB) 2h. 75 1.46390 1.48479 1.00409
d,asg 14.2 .T5145 82984 72885
a,26 15,250 19138 88201 - 76221 M = 2.00°
a,2 16250 .8 .93886 . n,17) 7.00 0.66757 0.34500 0.32507
(aizgg 17.2 .82%2 .23791 g% (h;‘18) 8.00 .69718 .38516 35919
- (a,29) 1%2% .92392 1.06017 .8640g h,19) 9.00 . 72919 42738 39384
* {a,30) 19.22§ .97250 1.12 89856 h,20) 10.00 76335 169 42895
a,31) 20. 1.023%4 1.19517 .9%325 h,21) 11.00 79960 .51815 L4637
a,32) .250 1.07654% 1.26835 .96815
(a,33) 22,250 1.13213 1.34560 1.00322
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TABLE 111.- SECONDARY-EXPANSION FLOW - Continued

(o) vp = 12° - Continued

Point v, X A in v, X I
deg Yer Yer ¥ Fotnt deg Yer Yer ¥
n = 2.00° = Concluded n = k.oo°
(h,22) 12.00 | 0.83/8 | 0.56685 0,50011 (x,17) 8.00 0.77883 0.2 | 0.22037
(h,23) 13.00 .B783h 61792 53612 Ek,lB; 9.0 L8175 . 28357 . 5%
(h,2k) 14.00 . 92082 Nyt 57233 %,19 10.00 .85279 . 32950 . 29455
(h,25) 5@ . 96543 . 72761 60875 (x,20) 1. 89293 LBTTHL - 53254
(h,26) 16,00 { 1.01217 . T8654 L6453k (k,21) 12.00 93518 Jatho . 37028
(h,27) 17.0D 1.06108 . 84839 68207 (x,22) | 13.00 . 97953 L 47959 40815
(n,28) 18.00 | 1.112%4 91340 .T1895 (x,23) 1h.00 | 1.0260k 53416 RTSYA
(h,29) 190 | 1.16867 98171 . T5595 (x,24) 15.00 .| 1.07469 59121 . h8ley
(n,30) 0@ | 12146 | 1.0535 . 79307 ?:,25) 16.00 | 1.12558 65096 .52
(h,31) 210 1.27965 1. . 83029 %,26) 17.00 1.17873 . TL356 56064
(n,32) 22,00 | 1.340%5 1.2084 . 86762 (%,27) 18.00 | 1.23420 . 77919 . 59895
(h,33) 2.0 | 1.hozs1 1.2P/6 90503 (x,28) . 207 .84808 L6573k
%h,%% 24.00 | 1.k6951 iz&%&a— 94252 ?{,293 2.0 | 1. 25259 . 92225 . 67278
h,35 5.0 1.53%819 - .98011 %, 30 21.00 1.h1527 . 99649 V71428
(h,36) 6.0 NG023°) , L5736 | L0775 (x,31) 2.0 A077 .0/640 75282
n = 2.50° k,32) 2Z@® | 1 1.168074 . 79142
gk, 33) 240 | 1. 1.249/8 .8%005
(1,17) T.25 0.70017 0.31370 0.29378 (x,%4) 5.0 1.69404 1.34302 . 86872
i,18) 8.25 . 75168 35516 . 32893 (x,35) 2.0 | 1.77208 144077 . 90Tl
1,19) 9.25 L6537 .39858 . 36450 k,36) 27.00 | L.B512h | 1.54598 94618
i,20) | 10.25 .80119 o6 ook (x,37) B0 1. 93472 1.%[2 98496
(1,21) 11.25 83909 k9165 366k (x,38) 20@®M | 2R | 1.7758 | 1.02577
(1,22% 12.25 .87905 $Ié% 47309 n = 5.00°
1,23 13.25 . 9211 V59363 +50975
Ei,eh) 1h.25 . 96529 64326 . 54658 (2,17) 85 | o0.82174 | 0.19956 0.18164
(i,25) 15.25 1.01160 TOB54 .58358 (1,18) 9.50 8602k ok .21967
(i,26) | 16.25 | 1.06006 - 62072 (1,19) 10.50 . 90086 .29181 25784
. (1,20) 1 94360 . 34081 . 29614
(1,27) % 2% 1.11073 . 82860 65797 (1,21) 125 .98BLY 39190 .33453
(1,28) - 1.16369 89478 .69535
(1,29) 19.25 1.21895 . 96431 73283 (1,22) 13, % 1.03548 Jils22 3730
(1,30) 20.25 | 1.27662 1.03742 .TT040 (1,23) 14. 1.08469 50092 J1s6
(i,31) 21.25 | 1.33675 | 1.11433 . 80806 (2,24) 15.50 | 1.13%11 . LA4s5017
(1,25) 3D | 1.1898%4 .62013 . 18886
(i,32) 25 1.39944 1,1953k . 84581 (1,26) 17.50 1.24590 . 68400 .52
(1,33) | 25.2 146451 1. %B? .88362
(1,3k4) 4. 1.535277 1.37061 .92150 §1,27) 18,50 1,30435 . 75096 56636
(1,35) 2 22‘3 1.60364 | 1.hes55h 95946 1,28) 19.50 3R3L 82125 60518
(1,36) 16710 | 1.56571 .99746 (1,29) 2, 1.8 .89508 L6lhok
(1,357 | 27.25 | 1.75421 | 167156 | 1.03553 gz,io) 21.50 | 1.49800 97269 . 6820l
" 1,31) | 22,50 | 15601 | 1.05435 - 72187
= 3,00
N (1,32) 25% 1.63569 | 1.14036 . 7608k
(3,17) 7.50 O.790L | ©0.28635 | 0.26652 1,33) A 17202 | 1.2309 . 79983
(5,18) 8.50 . 76209 22084 .30249 1,3h) %% 50 1.78821 1-2%@ . 83884
(3,19) 9.5 19732 37526 . 33880 1,35) 0 | 1.86922 | 1.ketho 87789
(3,20) | io.50 | .83466 k1969 37539 (1,36) | 27.50 | 1.9683 | 1.5330 | -916%
(3,21) 13 87408 46821 RINE
(1,37) 283 | 2.0833 | 1.6460 . 95605
(3,22) | 250§ . 51894 .4hg22 (1,38) | 29.50 | 2.13273 | L9 | -99617
(j,23) 1%.50 95921 57204 L4861 (1,39) 30.50 2.210 1,03431
(3,2h) 14. 1.0048 62759 52373
(3,25) | 15 28 1.8 68581 '5%28 7 = 6.00°
j,26 . 1.10292 4682 « 596
(5,26) T 7 @17) | 9.00 | 0.86006 | 01602 | 0.347L
(3,27) 17,50 1.15525 .81082 63645 (m,18) 10.00 . 90098 21026 18654
J,28) 18,50 1,20990 87801 67423 (m,19) 11.00 .94h03 .25813 . 20526
(3,29) 19,50 | 1.268801 94859 . 71209 (m,20) 12,00 .98923 .30798 . 26406
(3,30) 20 | 1.20637 | 1.022P . T5003 (m,21) 13.00 | 1.03659 . %5992 . 30292
(3:71) | 250 | 1.38H | 1.1084 - 7880k
(m,22) 14.00 1.0861% RIAEE-) .34183
(35,32) 22,50 148941 11834 . 82613 (m,23) 15.00 | 1.13795 LL707h . 38080
(5,33) | 23.50 | 1.B5XP1 | 1.26961 86427 (m,24) | 16.00 | 1.1920k . 52993 41980
(3,3k) D | 15056 . .902h6 (m,25) | 17.00 | 1.24850 -59191 5886
(3,35) | 25.50 | 1.66323 | 1.45718 .ghot2 (m,26) | 18.00 | 1.30738 L6568k 4979k
3,36) 1.73917 | 1.95861 97901
3,37) 27.50 1,81825 - 1.01736
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NACA TN 3322

TABLE III.- SECONDARY-EXPANSION FLOW = Continued

@) vs = 12° ~ Concluded

Point Y, X e Point Vs X
deg Ycr Yer ¥ deg Jer 7%)? ¥
1 = 6.00° = Concluded 7 = 8.50° - Concluded

(m,27) | 19.00 | 1.36875 | 0.72492 | 0.53705 (0,27) | 20.25 | 1.51422 | 0.66555 | 0.47330
m,28) | 20.00 | 1.43272 .TI64L 57619 (0,28} | 21.25 | 1.58559 L7391 51292
m,29) | 21.00 | 1.49934 .87150 .61535 (0,29) | 22.25 | 1.65990 .81708 .55254
m,30) | 22.00 | 1.56875 .95048 65451 (0,30) | 23.25 | 1.73731 .89886 59217
m,31) | 23.00 | 1.64102 | 1.03359 69375 (0,31) [ 2k.25 [ 1.8179% .98501 .63180

.07588 L6715
17176 .71110
. 27302 .T5074
.38010 .T90k0
k9333 .83005

(m,32) | 24.00 | 1.71629 | 1.12116 . 73299 éo, 32) | 25.25 | 1.90191
(m,33) | 25.00 | 1.79465 | 1.21345 T7224 0,33) | 26.25 | 1.989%6

m, 3l 26.00 | 1.87622 | 1.31079 .81151 (0,34) | 27.25 | 2.08043
(m,35) | 27.00 | 1.96119 | 1.%1360 .85081 (0,35) ] 28.25 | 2.17534
(m,36) | 28.00 | 204962 | 1.52219 .89011 (0,36) | 29.25 | 2.27418

B

(m,37) | 29.00 | 2.14172 | 1.6370k . 9294k 0,37) | 30.25 | 2.37720 | 1.6132}4 .86972
gm, 383 30.00 | 2.23763 | 1.75856 .96878 0,38) | 31.25 | 2.48456 | 1.74028 . 90939
m,39 31.00 | 2.35752 | 1.88724 | 1.00813 0,39) | 32.25 | 2.50647 | 1.87496 . 94906
{0,%0) | 33.25 | 2.71315 | 2.0L.789 .9887h
n = 7.00° (o,41) | 34k.25 | 2.83480 | 2.16965 | 1.028k2

(n,17) 9.50 | 0.89507 | 0.1%218 | 0.11783 1 = 10.00°

(n,18) | 10.50 .9%8%0 17884 15689
(n,19) | 11.50 . 98367 22734 .19601 (p,17) | 11.00 | 0.98731 | 0.04879 | 0.0koo2
in,zo) 12.50 | 1.03124 .27783 .23518 gp,18) 12.00 | 1.03700 .096Lh .08193
n,21) | 13.50 | 1.08101 3304k .27h38 v,19) | 13.00 | 1.08898 J1h601 12164
(p,20) | 1k.00 | 1.14330 .19767 .16136
(n,22) | 1450 | 1.13302 | .38535{ .%361 || (p,21) | 15.00 | 1.20000 .25156 | .20108
n,23) | 15.50 -] 1.18736 R Ty .35288
n,24) | 16.50 | 1.24k05 .50270 .39216 (p,22) | 16.00 ] 1.25916 . 30785 .24080
n,25) | 17.50 | 2.30320 56552 A31h9 ép,EB) 17.00 | 1.32087 36675 .29054
n,26) | 18.50 | 1.36484 63135 17083 p,24) | 18.00 | 1.38518 RIE=IIN . 32027
(p,25) | 19.00 | 1.k45202 49309 36001
(n,27) | 19.50 | 1.42908 . T0040 .51018 (p,26) | 20.00 | 1.52207 .56096 -39975
én, 28) | 20.50 | 1.49602 .T7293 .54956
n,29) | 21.50 | 1.565T3 .8lhg1k .58895 (p,27) | 21.00 [ 1.59482 63224 .43948
gn, 30) | 22.50 | 1.63834 .92932 .6283%6 (p,28) | 22.00 { 1.67062 .TO72h% 47923
n,31) | 23.50 | 1.71394 | 1.0137h 66778 (p,29) | 23.00 | 1.74957 . 78616 .51897
1,30) | 24.00 | 1.8%181 .86932 .55872
(n,32) | 24.50 | 1.79269 | 1.10271 .70722 ,31) | 25.00 | 1.91749 -95701 § .59847
(n,33) | 25.50 | 1.87468 | 1.19652 . TH667
(n,34) ] 26.50 | 1.96003 | 1.29552 . 78612 (p,32) | 26.00 | 200676 | 1.04957 63823
gn, 353 27.50 | 2.04895 | 1.40012 .82560 p,33) | 27.00 | 2.09975 | 1.25558 .6T798
n,36) { 28.50 [ 2.14151 | 1.51065 86507 p,34) | 28.00 | 2.19664 71773
p,35) | 29.00 | 2.29766 | 1.36002 . 75750
in,37) 29.50 | 2.23794 | 1.62760 . 90457 (p,36) | 30.00 | 2.%0291 | 1.47576 . 79725
n,38) | 30.50 { 2.33839 { 1.75141 | .9kko7
En, 39) | 31.50 | 2.4h304 | 1.88257 .98358 (p,37) | 31.00 | 2.51267 | 1.50843 .83701
n,40) | 32.50 | 2.55208 | 2.02164 | 1.02310 (p,38) | 32.00 | 262712 | 1.72851 LBT67T

(p,39) | 33.00 | 2,74649 | 1.86655 | .91653

p,41) | 35.00 | 3.00098 | 2.16895 99606

1 = 8.50° 4‘ (p,40) | 34.00 | 287103 | 2.01316 .95630
ép,uz) 36.00 | 3.13663 | 2.33468 | 1.03583

10.25 | o.9431k | 0.08855 | 0.07TT76
8,18) | 11.25 < 98966 .1358L L1172k
0,18) | 12.25 | 1.03840 .18500 L1567k
0,20) | 13.25 | 1.08938 | .23620 | .19627
0,21) | 1k.25 | 1.14266 | .28957 | .23581

20,223 15.25 1 1.19828 34528 -27536
0,23) | 16.25 | 1.25634 | .ho353 | .31h93
(o,24) | 17.25 | 1.31686 46hh6 .35450
0,25) | 1825 | 1.37997 | .528%2 | .39h410
0,26) |19.25 | 1.44572 | 59527 | 43370




NACA TN 3322

TABLE III.- SECONDARY-EXPANSION FLOW - Continued

(c) wp =200
T
mint v X mint v . .
5;8 Yer , 7&" ¥ dég Yer Yeor ¥
5= .500°0 - Cor uded
0.70388 (a,27) 16.25 0.70198 0.76190 0.67258
.T1598 (a,28) 17.25 . 79513 -69170
72905 5(1,29) 18.25 75324 .83059 .T1120
Th296 4,30) 19.25 78119 86859 - 73103
75761 (a,31) 20.25 8107k 90866 .75118
77291 (a,32) 21.25 84189 95151 <7761
78879 (a,33) 22,25 87470
.80520 d, 23,25 .90920 1-99712 89336
.82208 (4,35) 24.25 -9u5hT 1.09722 -83k45
. 83941 (a,36) 25.25 -98353 1.15209 85585
.85713 (a,37) 26.25 1.02344 1.21046 -B1745
.87523 (a,38) 27.25 1.06529 1.27257 -89925
. 89366 (a,39) 28.25 1.10912 1.23866 92123
.9124% (a,ho) 29.95 1.15h99 1.40898 94538
.93149 a,41) 30.25 1.20301 1.48387 .96570
a,he) 31.25 1.25322 1.56360 98817
.9508% d,u43) 32.25 1.30574 1.64856 1.01080
‘338‘52 0.750°
. n = 0.
1.01082
(e,22) 11..375 0.64799 0.59699 0.55170
n = 0.125° ge,za) 12.375 - 66667 -62176 -56931
e,24) 13.375 68688 . 58752
(v,22) 11.0625 0. 47554 0.70537 0.67167 Se,zsg 14,375 . 70859 67703 60625
(0,23) .0625 48725 72399 .68497 e,26 15.375 -T3180 70762 L6250
(b,2k) 13.0625 .50255 Thh68 69916
(b,25) 1h.0625 51941 7678 L7 (e, 27; 16.375 . T5653 . Th026 650k
(b,26) 15.0625 53781 79220 T2975 ge,gg) i’é . g;g gggrs; . gggg ggggg
e . . - .
?:,27) 16.0625 55773 -81908 - T4598 {e,30) 19.375 83990 .85141 S10590
b,28) 17.0625 .57918 .84812 76275 e,31) 20.375 .87085 .89%26 72679
(b,29) .0625 60216 .87939 78001
gbyio) 19.0625 62669 .91297 79770 Ee,52) 21.375 -90343 9377 -THT93
b,31) 20.0625 .65280 94899 .81580 (e,;ig 337755 .g;;gg 1.05 5% ;gg%
e . N . N .
(b,32) | 21065 68049 -98755 .83h27 e,35) | 235 | 1014l | 10w -81272
%b’%% %.&%5 -7%23 1.8%%9 -25509 (e,36) 25.375 1.05097 1.14504 .83h72
b,3 - - 74081 R 87221
v,35) 24.0625 .TT353 1.11997 .8916k4 (e,37) 26.375 1.09242 1.20521 85691
(bj 36) 25.0625 .80800 1.1702h .9113h Ee ; ;g% gg :;7% i igg i agg%'é . gg?gi
e . . . .
m,37) | 26.065 .auher | 1.22389 .93130 ei0) | 29375 | 12878 | Lhoohe “opkho
b,§8g % 82%55 .88243 1.28117 .95152 e,k1) 30.375 1.27847 1.48638 733
b,39 - -92251 1.34229 297197
{6,50) 29.0625 96458 1.40751 99264 (e,k2) 31.375 1.330h0 1.56823 .97030
(b,41) .0625 1.00873 1.k772 1.01352 58’1118 %275 im isgzg 1.99&;
e, .35 . .T Rt
n = 0.250¢ =
7 = 1.00
22) 11.125 0.53079 0.66978 0.63212
Ei:a) 2125 s -69046 “6lie8T 2:8,22) 11.50 0.68551 0.57373 0.52619
Ec,zh) 13.125 56294 L7131 66241 £,23) 12.50 7053k 59976 .5uL6T
¢,25) 1kh.125 58133 73782 67864 (£,2h4) 13.50 .T2668 .62766 .56369
(c,26) 15.125 .60125 L7645 69547 % 1’,228 14.50 . Thg52 . gw .58317
£ 15.50 . T -
(e,27) 16.125 62269 .T9334 .T1284 ’
c,28) 17.125 656k 82428 .T3069 (£,27) 16.50 79972 72311 62334
¢,29) 18.125 .67012 85745 .Th897 (£,28) 17.50 .82710 .75908 .6laghk
(e,30) 19.125 69615 89294 7676k (£,29) 18.50 85603 .79731 66185
(e,31) 20.125 12376 .9%088 78668 g,;(lag ég; 356822 .ggggg ggggg
B . . . .
{c,32) als . .97138 .80605
(¢)33) 22.125 78383 1.01460 .82573 51',32J 21.50 95243 92670 -72915
AR IR AR N A BRI AR AE A
€,35 2h.125 . 1 1.10 .86593 £,3 5 - . <TT3L
ci36) 25,125 . 88663 1.16213 . 88641 §f;35) 2450 1.06409 1.0813%6 79543
(£,36) 25.50 1.10495 1.139%6 .81789
(e,37) 26.125 -92hh8 1.21790 .90712
c,38) 27.125 96423 1.277%6 92806 Ef:57) 26.50 1.14769 1.20095 .8ko52
oo | Bmim | HE | TR | S | | BB | 13 | TR | e
(] . N - . - . . .
(c;l}l) 30.125 1.0954h 1.48017 .99210 §fzk0) 29.50 1.28814 1.40978 .9093%
(c,42) 31.125 1.143k0 1.55689 1.01382 (£,41) 0.50 1.33926 1.48835 93257
7 = 0.500° (£,42) 31.50 1.39266 1.57190 -95592
(£43) 32.50 1.54845 1.66084 97940
(a,22) 11.25 0.60038 0.62654 0.58427 (£,44) 33.50 1.50670 1.75552 1.00300
(a,23) 12.25 61765 L64968 60074
(a,2h) 13.25 63646 L6THTS .61789
(a,25) 1h.25 65679 70178 .63562
(a,26) 15.25 67863 ~73081 65387
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NACA TN 3322

TABLE IITI.- SECONDARY-EXPANSION FLOW = Continued

(e) vg =22° - continued

v x ¥ v X .
Foint d;g Yer Yer ¥ Point d;g Yer Yer ¥
n-15P 7 = 2.50° - Concluded
g,22) 11,75 0. ThHiT2 0.55763 0.48626 Ei,jﬂ) 27,25 137430 1,13284 0. 77472
2,23) 12,75 L6542 56503 50604 1,38) 2.5 1.h2s33 1.4 79905
gs,ah) 13.75 - 78963 59483 .52627 (1,39) 29,25 1.47% 1,529%6 .82347
55,25) 14,75 81435 62651 .54689 (1,%0) 30,25 1,53416 1.h10%2 84799
g,26) 15,75 .8ho57 66015 56787 (1,%1) 31,25 1.59217 1,49368 87260
(2,27) 16,75 . ?68 32 69585 .58916 1,k2) 32,25 1688 1. 2&?%22 .89729
(e,28) .75 89761 .T3368 61073 1,43) BD5 1.71582 1. -92207
(g,29) | ,18.75 .92847 STT379 .63256 1,44) 3h.25 14810 1.78525 94693
HAEIAE I S-SR RE AN B
&3 P ’ o -6768 1:l+73 37:25 1199692 2.'132;148 1:c9>2139
(g,32) 2L,75 1BL . 90000 69939
@2 | BB | 108 | 5% | Taw N =200
g . L . .7
(g:gzg 24,75 Ji.1348 8 ioj%%%oo .7673& ga,azg 12,50 o.géi&he O_LHh 531;7 0.4LP ¥B66)
g 25.75 - - - ToL 3,23 89450 <492 . 52668
’ 3,28 o 92204 52579 | 4k9Lé
gg,y() 26,75 1.2331 1,19397 81436 3,25) 15,50 .95110 56112 47190
g,}Sg eg .5 1, 28321 i , 2617471 327% J,26) 16. .OB173 59842 ,Uol87
2,39 238,75 1,333 3337 .861.
i | 2 | LEE | THOs | s | en | g | o | gm0 | e
g,41 30,75 - - % 3,2 1,04877% 5793 S41h2
’ (3,29) 19,50 1. . 72326 58497
(g,42) 31,75 1. kgkoo L,57772 -95280 (3,30) D 1.1203% L7696 58867
(e,43) 32.75 1,55248 1.669%6 295683 (3,31) 21,50 1.15923 -81861 61253
g’f%; 52 5.'61 4 5'_?3671%% 1.905222 3y32) 22,50 19001 87037 53652
£ - - J B 4. . s
£ gdiBﬁ) gj?}% 1.22%6 92513 L5606k
n = 20D 3s34) s 1.2850 93302 68487
3535) 25.59 1.335 L.0Wk33 70922
(n,22) 12.00 0.79211 0.50778 045464 3,3%6) 5. 1.3818% 1,10922 3367
(n,23) 13.00 ,81540 53721 47539 _
h,24) 1%.00 .81/+020 56846 15653 (3,37) 27,50 L. h;zhé 1,1779 L 75322
h,25) 15.00 , 86650 60158 . 51801 4,58) 283 1,435%2 1.X 89 780287
h,26) 16.00 89433 63666 253979 ﬁg% 2393% 1124&& f'%g ggzi;
(,27) | 17.00 seto | oo 6184 i) | 350 | LEBB | 1ores | 857k
n,28 18.00 95462 .T1310 L5841
h,293 19,00 .98715 L7558 60686 3,42) 32,50 1.72069 L. 58%79 .83232
h,30) D@ | 10230 - 79867 162938 3,43) 33,50 1.7860k 163814 | .90738
h,31) 21.00 L.057L3 .53 .65230 g,bg %% 11'92532 iggﬁgg .93251
E .. > - ,%772
(n,32) 20 | 1.04r -89y 67539 Js g C3lsY) 1ohL | 2.02265 .98299
h,%3) 23.00 1,13399 QU666 .69865 (3,47 375 2.0/630 2,14899 | 1,00833
h,3h) 24.00 1,17512 1.00187 . 72205
h,35) 25.00 121816 1,06039 LTH550 n = 400°
(36 | 2600 ) 126005 ) 1-12238 16928 ®,28) | 13.00 | 0.95116 | o.k2210 | 0.345
h,37) 27.00 1.31013 1.18810 . T9509 k:23) 14.00 .95958 5845 .'587h7
h,%8} 28.00 1.3592% 1.25782 ,81702 X, 2h) 15.00 98955 49059 J1og2
(h,39) 29.00 1,41052 1.33180 . 84106 %,25) 16.00 1.02108 52761 43457
(n, uo% 30.00 }_5]%464[)4 i 1‘;&3724 .ggﬁil (x,26) 17.00 1,05420 \ 56662 L5841
h,41 1.00 g 88947
s ? §k,27) 18.00 1.08895 50774 48241
ool Ee o || o | ks | BB | nee | | 2
h,43 33,00 1,63912 . .9382 . - 0
(h,bh} 34.00 1. 1.7/60 ,56281 21:130) 21,00 1.2053% 74505 55527
§h ’E; ;2 00 }_m 1.88366 9874k k,31) 22.00 L.245 79599 57931
h .00 838 1.99736 1.01215
’ ék,32) 23.00 | 1.285H .84978 6okk5
n = 2.5¢° x,33 2.0 1.33417 .90663 62920
k,34) . 1.38169 .96673 ol
1,22) 2.5 | 0.85260 | 0.48279 0475 x,35) 50 143131 1,03033 67898
1,23 13.25 .gg'(al ggg; !ltlgl;g k,36) 27,00 1,43308 1.09763 70400
1,2l 1k.25 88353 . T .
vE R | R RR | 2B | 6B | 2D | Bl om
1 . . . . . V395 2 N ¥
’ w,39) | 30.00 | LEs3l | L.3ekso | 77953
1,27) 17.25 L9137 65479 52861 E 340 1.71356 1.409%8 E
1,283 18.25 1.003;8 .%51 36149 k,41) 32,00 1.77/%6 1,49533 8302
1,29 19.25 1.03732 .T3813 557
1,30) | 2025 | llopsme | 7838 | .60783 Kh2) | 33.00 | L.8W39 | L5968 | 5569
1,31) 21.25 1,11093 .83124 63126 ;,h}% gl;.gg i%? : %wo’m% 8361%
. . )

i,32) 22,25 1.15008 .88131 .65483) §k:h5) 36.00 2.06246 1,92134 932
VR EE |15 | 2| ol | e | B | Al | s | m
s . . . » . 2,17513 983¢
1,33) 25.25 1.27868 1.05200 L 726kL Ek: ) 39.00 2.31010 231577 1.0066%

1,36} 26.25 1.32545 1.11552 75051




NACA TN 3322

TABLE III.- SECONDARY-EXPANSION FLOW ~ continued

(c) s = 22° - Continued

s X, Y - v X Y
Point deg ¥ Vor ¥ Point dég Yer Vor ¥
n = 5.0 1 .00% = Cor  uded
52,22) 13.50 0.98585 0.38849 0.32988 (n,%2) 2450 1.51020 0.79702 0.52791
1,23) 14.50 1.01651 42319 35390 (n,33) 25,50 156419 .85879 . 55389
G| BE | e | k| odme | DR RS | iE2 | 2R | B
X . . . n . . . .
(1126) 17.50 1.11805 .53852 h2697 (n:36) 28.50 1.74046 1.06631 63211
(1,27) 18.50 1.15521 .58108 45161 n,37) 29,50 1.80434 1.14378 65827
1,28) 19.50 1.19409 62591 L1637 n,38) 30.50 1.87099 1.22593% L6848
vsy | B | 1B | Be | G2 | W | B | A | bR | BE
= . . . n . - . -
1,31) 22,50 1.32162 .T7560 55130 {n,41) 3350 2.08871 1.50383 L6334
§ 1,32) 23.50 1.36796 .83113 57646 ﬁn,h2) 34.50 2.16766 1.60826 . 78970
1,33) 24.50 141635 .88980 60171 n,43) 3550 2.25008 1.71937 .81610
(2,34) 2550 1.156683 95180 62705 n,4k) 36.50 2.33611 1.83762 . 84253
gz »35) 26.50 1.51952 1.017h2 65243 n,45) 37.50 2.h259% 1.96361 . 86899
1,3%6) 27.50 1.57448 1.08684 T789 (n,46) 38.50 2.51973 209789 .89548
51,57) 2850 1.63181 1.16036 .T0%42 (n,%7) 39.50 2.61769 2,24123 . 92200
1,38) 29.50 1.69163 1.23830 72502 {n,48) 40.50 2.72002 2.39404 94855
1,39) 30.50 1. 75402 1.32093 .T5468 (n,k9) 41.50 2.82694 255737 -97513
1,40) 31,50 1.81908 1.40860 +78039 (n,50} 4250 293873. 2,7%203 1.00174
1,41) 32,50 1.88697 1.50170 80616 .
1 = 8.5
(1,42) 3350 1.95776 1.60058 83197
é 1,43) 34.50 203164 1.7057% 85784 (0,22) 15.25 1.14439 0.29118 0.23481
1,4k) 3550 2.10871 1.81758 88376 éo,25 ) 16.25 1.1822k4 32915 26061
(1,45) 36.50 218914 1.93667 90973 0,2) 17.25 1.22183 36901 L 28649
(2,46) 3750 2.27305 2.06351 93574 go, :Z% ig gg %2}%2%2 llgggg . g;ﬁﬁg
0, . . . .
1,h7) 38.50 2.36063, 219871 96179
g Zi%) 39-50 2.45205 2.3420k 98789 (0,27) 20.25 1.3515k .50118 JB6MST
(1,49) 40.50 254748 249689 1.01%03 go,ggg %2255 iiﬁ?{% . 21(;:9:2}, . zgg&
o . - . .
= 6.0 éoiao) 2325 1.49903 .65542 315
- 0,31) 2,25 1.55251 71258 b6kl
(m,22) 14,00 1.03528 0.35615 0.29948
SR BB i) B Zm | 0B %8| 18R Im| o
. . . - o .. . . .
::25) 17.00 1.13851 57119 .37388 o: L) 27.25 1.72712 .90k16 .54855
Em,26) 18.00 1.17625 .51281 .39893 0,35) 2825 |7 1.790k L97557 .57500
(0,36) 29-25 1.85641 1.05117 L60148
2 19.00 .21 55661 Lol
::jzgg 20,00 1, 252;% . 53272 tl;%’% (o, 38 go,%5 1.92526 11'161361% . 62722
2 21.00 130011 65132 0,3 1.25 1.99711 . .
31333 22.00 1. ;515 . 7?)2%5 5(77010 oj 39) 32,25 2.07207 1.30655 68112
m,31) 23.00 1.39214 75662 52561 0,40) 33.25 2.15029 1.40236 70772
24.00 81568 s {o,41) 34.25 2.23195 1. 50422 L T3435
2 y 1.44120 .81, 11
::;33 25.00 1.49239 . 87;98 2'5(685 o,k42) 35,25 231718 1.61252 . 76100
m,34) 26.00 1.54579 .93770 60253 §o,m 36,25 240619 1.72783 .78768
m,35) 27.00 1.60151 1.00512 62820 0,4h) 37.25 2,49915 1.85062 81439
m,36) 28.00 1.65961 1.07646 65412 so,tgg zg . gg 2 gggrezz é 523135 . %%g{
0, . . . .
29.00 1.72022 1.15204 .68000
%ﬁj ?gg 30.00 1. :({85!45 1.23215 70593 Eo,’w) k0.25 2.80379 2.27016 . 89465
m,39) 31.00 1.84939 AL7IL 3101 o0,48) 41.25 291466 2.42935 .92145
gm,liog 32.00 1. gégéz 1.4o726 72193 gu,heg ggg 3.(13;?%% 3 . 75319655 . 31-;23(
1 .00 1. 1.50301 78400 0,50 . 3. . .
m' 3 (0151) b, 25 3, 2787k 2.97650 1.00197
(m,42) 34.00 2.06480 1.60473 81011
| B9 | P | bR | n- oo
m 36,00 2.22 . .862k7
eE | RS || kER ) WE | pE | a2 (05E |
- ’ ’ ) ) ozh) | 1600 | 128601 | .33h8 “25386
m,47) 39.00 249107 2.22056 9129 D,25) 19.00 1.3%142 LBTT6L . 28025
m,lﬁg) i,(l).%% % . ggaggg 2 ;g%g ggzgi D,26) 20.00 1.37788 42276 L 30669
Ji. . . -
m’,sog k2,00 2, 7946k 2.69752 1.02043 (p,gg% gé.gg ;Li%eggg g;ggg ;ggé;
§:] . X . .
n=17C P129) 23.00 1.52967 -57502 . 38625
,30) 2k.00 1.58468 62865 RIE-t0
(n,22) 14.50 1.0809:31 0. ;2213 0.27199 (p,31) 25.00 1.64208 68739 L bzghT
2 15.50 1.11 . 1 .
212133 BE | Tt Dol i (,32) | 26.00 | 170191 Thoh3 46612
n,25) 17.50 1.19048 611 .34787 (p,33) 27.00 1.76434 81505 .ho281
(n,26) 18.50 1,230k 48878 37337 (p,34) 28.00 1.82943 88uLT 51952
(p,35) 29.00 1.89%% 95801 .5h626
(n,27) 19.50 1.27219 53366 .39895 (p,36 30.00 1.96820 1.03591 . 57302
n,28) 20.50 1.31580 58091 Lh2u6)
gn,ag) 21.50 1.3613k 63069 503k
gn,io) 22.50 1.40886 68318 47613
n,31) 23.50 1.45847 73856 50199
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NACA TN 3322

TABLE 111.- SECONDARY-EXPANSION FLOW ~ Continued

(c) vB = 22° - continued

Point v X . i v X Z
deg Jer Yer ¥ Polnt deg Yer Yer i
1 =10.00° -~ Co luded 1%.00° = Cc  luded
,37) 31.00 2.0b213 1.11854 0.59980 §r,37) 3%.00 2.34507 1.08187 0. 5511;9
D,38) 32.00 2.11930 1.20624 62661 r,38) 34,00 2.43727 1.17619
p539) 33.00 2.19984 1.29938 653kl (r>39) 35.00 2.5%33%63 1.27657 58603
ép,ko) 34.00 2.28392 1.3983%6 .68029 §r,)+0) 36.00 2.63438 1.38347 61331
p,41) 35.00 2.37174 1.50365 -70716 x,41) 37.00 2.73977 1.4g7k3 . 64060
(p,42) 36.00 2.4634L 1.61568 76096 (r,ugg 38.00 1.61897 66789
(p,l3) 3700 2.55928 1.73503 r,u3 59.00 1. 74873 69519
(p,4k) 38.00 2.65042 1.86223% 78789 r,m@g 40.00 3.08627 1.887%3 . 72250
(p,45) 39.00 2,76411 1.99793 8148k r,45 41.00 3.21285 2.03553 . 74982
(p,46) %o0.00 2.87557 2,14276 .84180 r,h6) 42.00 3. 3548 2.19407 STTTLE
(p,47) .00 2.98806 2.29747 .86878 (r,47) 43.00 3, 48450 2.36382 -8kl
p,48) 42,00 3.,1078% 2.46286 89577 r,48) i, 00 3.630%0 2.54572 .83181
p,49) 43,00 3.23320 2.63979 .92278 r,49) 45.00 3.78325 2. 74078 85915
p,50) 44,00 3. 36446 2.82926 .9k981 r,50) 46.00 3.94381 2.95017 88650
ép ,51) 45,00 3,50189 3.0%22Y4 97685 (r,51) 47.00 4, 11238 3.17504 .91385
D,52) 46.00 3.64588 3.2k993 1.00391
gr,sz) 48.00 4.28947 3.41680 94121
1 = 12.00° r,53) 49.00 447557 3.67601 96858
(x,54) 50.00 L. 67126 3.95702 -99595
(q,22) 17.00 1.27751 0.20918 0.16073 (r,55) 51.00 £.87710 k.25893 1.023%3
9,23) 18.00 1.32022 .24916 L1874
a,24) 19.00 1.36890 .29114 21425 7 = 16.00°
4,25) 20.00 1.41759 33525 24106 -
q,26) 21.00 1.46838 38167 .26790 5,22) 19.00 1.41543 0.12340 0.08985
5,23) 20.00 1.46801 L1647k L11715
(g,27) . 22.00 1.52136 43054 29477 s,zhg 21.00 1.52286 .20825 TS
q,28) 23.00 1.57660 4820k 32166 8,25 22.00 1 58006 .25406 L17178
a,29) 24.00 1.63423 53637 34858 (s,26) 23.00 1,63972 30236 .19911
q,30) 25.00 1.69432 59373 37551
q,31) 26.00 1.75701 65435 Jho2hy 5,27) 24.00 1.70195 .35%32 2264
8,28) 25.00 1. 76686 Lok .25578
(q,32) 27.00 1.82238 L7143 ookl 5,29} 26.00 1.83458 -L6hol »28113
(a,33) 28.00 1.89059 78627 L 4564% 8,30) 27.00 1.90525 -52425 .30848
q,3h) 29.00 1.96175 .85810 8345 g,31) 28.00 1.97902 .58802 33584
,35) 30.00 2.05602 93426 .510L8
q,36) 31.00 2.11352 1.01502 55752 55,32) 29.00 2.05601 65559 36320
8,33) 30.00 2.13642 .72728 39057
(q,37) 32.00 2,194k 1.10076 .56458 8,3h) 31.00 2,22039 80337 Jiaron
q,38) 33.00 227896 1.19186 59166 8,%5) 32,00 2.30815 88423 533
4,39) 34,00 2.36722 1.28870 61875 8,36) 33,00 2.39984 97017 A2y
q,40) 35,00 2.45942 1.39171 64585 )
(q,41) 36.00 2,55580 1.501%0 67297 (s,37) 34,00 2.49571 1.06163 .50010
55,38) 35.00 2.59598 1.1590k 52750
q,42) 37.00 2.65653 1.61825 . 70009 8,39) 36.00 2. 70087 1.26283 .55490
Q,43) 38.00 2. 76187 1.74286 .72723 gs,ho) 37.00 2.81063 1.37350 58230
q,4h) 32.00 2.87206 1.87580 JT5438 8,41) 38.00 2.925%% 1.49163 60971
{a,45) 40.00 2.9873%6 2,01778 .7815%
(q,46) 41.00 3,10803 2.16948 .808T1 (s,42) 39.00 3. 04530 1.61778 L6312
8,43) 40,00 3.17201 1.75263 66454
(a,47) 42.00 3.23439 2.331T1 .83589 8,lh) k1.00 3.30418 1.89685 69196
(q,48) 43,00 3.366Th 2.505%3 .86308 8,45) 42.00 3. 4079 2.05126 J1839
(q,49) 44.00 3.50541 2.69129 89028 8,46) 43,00 3.58818 2.21666 .Th682
q,50) 45,00 3.65080 2.89065 91750
q,51) 46.00 3.80321 3.10U48 .9lil72 §s SH7) 44,00 3. 74078 2.39399 ST7425
5,48 45,00 3.90100 2.58425 .B0169
{q,52) 47.00 3.96312 3.33408 -97195 (s,49) 46.00 4., 06931 2.78856 .82913%
(a,53) 48.00 L, 1309k 3.58080 -99919 (8,50) k7,00 4.24623 3.00817 .85658
(q,54) 49.00 4.30710 3.84612 1.02644 (s,51) 48.00 4. lpmo02 3.2kk32 .88403
n = 14.00° (s,52) 49.00 462709 3.49856 91148
- 8,53) 50.00 k4. 8%385 3, 77249 93804
r,22) 18.00 134777 0.16562 0.12386 8,54) 51.00 5.05072 4.06700 96640
r,23) 19.00 1.39641 .20638 15093 5,55) 52.00 5.27923 4.38672 99386
r,24) 20.00 1.hhik .2k .17803 (s,56) 53.00 5.52011 k73116 1.02132
(r,25) 21.00 1.50005 932% +2051h
(r,26) 22.00 1.5552% JBh1Th 23227 n = 18.00°
(r,27) 25,00 1.61279 .30175 25941 (t,22) 20.00 1.48127 0.08197 0.05811
21-,28) 2k.00 1.67280 RS0 28657 (t,23) 21.00 1.53787 12373 -.08555
r,29) 25.00 1. 73541 . 50022 3137k (t,24) 22.00 1.59691 16772 11300
gr,ﬁo) 26.00 1.80070 55908 - 34092 (t,25) 23.00 1.65849 21411 - 1h0b5
T,51) 27.00 1.86884 62137 36812 (+,26) 2k.00 1.72274 26308 16790
?‘,32) 28.00 1.93992 .68729 39532 (%,27) 25.00 1.78977 31483 19536
(r,33) 29.00 2.01k12 L7571k Lhoos)y (t,28) 26.00 1.85971 . 36955 . 22282
r,3h) 30.00 2.0955 .83118 4976 (%,29) 27.00 1.93273 278 .25028
r,35) 31.00 217242 90977 700 (%,30) 28.00 2.00895 2TTTh
r,36) 32.00 2.25686 .99320 .50h2k (t,31) 29.00 2.0885% . 55396 .30521




NACA TN 3322

TABLE 111.- SECONDARY-EXPANSION FLOW - Continued

(¢) wvg = 220 - Concluded

Vs

Poin i
otnt deg Yer Yer ¥

n = 18.00% = concluded
(t,32) 3000 217171 0.62303 0.33268
(t,33) 31.00 2.25860 69641 36015
(t,34 32,00 2.34941 STT459 . 38762
(t,3 33,00 244438 85738 Jas10
(t,36) 34.00 2.54368 .9hsTL .
(+,37) 35.00 264760 1.0%98% 47006
(t,38) 36.00 2.75638 1.14020 49755
(t,39) 37.00 2.87028 1.24730 52504
(t,k40) 38.00 2,98957 1.36165, 55253
(t,k41) 39.00 3,11461 1.48388 .58002
(t,k2) %0.00 3.24568 1.61457 V60751
(t,43) 41.00 3,38317 1. 75448 63501
(t,4%) k2,00 3.52743 1.904372 66250
(t,45) 43.00 3.67890 2.06495 69000
(t,46) 44.00 3.83797 2.23725 71750
(£,47) 45.00 4.00512 2. 4220k JTE500
(t,48) 46.00 %.18086 2.62101 . T7250
(t,49) 47.00 &, 36572 2,83475 . 80000
ét ,50): 48.00 4.56030 3.06481 .82751
£,51) 49.00 476513 3.31256 .85502
(t,52) 50.00 L. 98096 3.57967 88253
(t,53) 51.00 5.20846 386783 91004
(+,54) 52,00 5, 504841 417914 L9355
gt,ss) 53.00 5. 70165 k. 51560 96507
t,56) 54,00 5.96903 L. 87961 99259
(t,57) 55. 00 6.25152 5.27381 1.02011

n = 20.00°

(u,22) 21.00 1.54586 0.0405% 0.02826
(u,23) 22,00 1.60656 .08296 .05578
(u,24) 23.00 1,66989 .12729 08330
(u,25) 24.00 1.73596 . 17410 .11082
(u,26) 2500 1.80492 . 22359 .13834
(u,27) 26.00 1.87691 L2759 . 16586
(u,28) 27.00 1.95206 .33143 .19%338
(u,29) 28.00 2.03055 39024 22090
(u,30) 29.00 2.11255 h5264 .2kgh2
(u,31} 30.00 2.1982k 51892 . 27595
(u,32) 31.00 2.28781 58934 30347
(u,33) 32,00 238148 6627 .33100
(u,34) 33,00 2,79k . Thlko2 35852
(u,35) 34,00 2.58198 . 82900 .38605
(u, 3t 35.00 2.68929 .91959 41358
(u,37) 36.00 2.80168 1.01626 BL111
(u,38) 37.00 2.91946 1.11949 46865
(u,39) 38.00 3.04289 1.22980 k9618
(u,40) 29,00 3.17230 1.34776 52371
{u,41) 40.00 3.30808 1.47401 55125
(u,42) 41.00 3.45056 1.60922 .57878
(12,43) %2.00 3.60019 1.75415 60632
(u,4h) 43.00 3. 75757 1.90960 63386
{u,h5) 44.00 3.92260 2.07650 66140
(u,46) 45,00 4.09635. 2.25578 68854
(u,7) 46.00 4.27916 2. k4854 71648
wi8) 4T.00 L.4TI6L 265597 -Thho2
§u,u9) 48.00 4.67432 2.87934 STTL56
1,50) 49.00 4. 88797 3,12013 79910
(w,51) 50.00 5.11323 3.37983 82664
(u,52) 51.00 5.35092 3.6602k 85418
(u,53) 52,00 560187 3.96327 88172
(u,54) 53.00 5.86697 k.29103 90927
(u,59) 5%, 00 6.14721 4. 64588 93682
(u,56) 55.00 6.44359 5.03039 . 96L3T
ﬁu, 57) .00 6.75729 5.44746 -99192
u,58 57.00 708957 5.90034 1.01947
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TABLE 111.~ SECONDARY-EXPARSION FLOW ~ Continued

(@) vp = 4o®
Point Yy X 2N Point v X J
: deg Yer Jer t acg Yer Yer ¥
n = 0.500% n = 5.00° - Concluded
(a,31) | 20.250 ! 0.73861 0.81171 0.69635 (1,36) 27.50 1.359684 0.87397 0.57845
1,37) 28.50 143312 92050 50461
n = 0.750° 1,383 29.50 1.k22 .9TOLE .61091
e,ilg 20.375 0.79821 0,796k 0.67215 ( %;Zg) 32553 i%ﬁg i%&g gﬁ?gz
,32 21.375 L8147k . 81901 .68288 )
e,33) 22,575 83250 -BU350 69397 (1,41) 32.50 1.59712 1.13992 66062
gz,ha) " 33.50 1.64323 1.20432 67743
1= 1.00° 1,43) 34,50 1.69158 1.2731% 69436
2:*,31) 20.500 0.84550 0.78430 0.65303 1 = 6.00°
f,ggg g.soo .gg;u .goalh .26!435
£, 500 .88195 83392 67597 m,31) 23.00 1.30861 0.66267 0.4
gf,ak) 23.500 .90210 .86180 68793 Emjaz) 24.00 1.33906 69810 .hg?%g
m,33) 5.0 1.37106 -13578 50705
% = 1.50° gm,slég 52_5{(0% 1.%9 578526} .5232h
. 1.%4001 1 .
25,31) 20.75 0.92084 0.76489 0.62289 s 5398
2,32) 21.75 .9ho22 79072 63507 ém; %6) 8.0 14719 . 86k20 55606
2,33) 22.75 96087 L8185k 64755 m,37) 29.00 1.51599 -91270 57267
8,34) 23,75 98284 . 84850 66032 (m,38) 0.0 1.55681 7N L5891
2,35) 24,75 1.00619 .88072 67338 m,39) 3.0 1.59961 1.01955 60627
8,36) 25.75 1.0309% 91533 68669 m, 40 2. 00 1,644k 1.078%6 62325
N = 2.00° gm,llgg :3?18 l.% 1.14112 .6k03k
X00] 1. . .
(8,31} 21.00 0.98190 0.74908 0.59870 (ﬁjha) H.0 1}921;8 11 S%%?l .23’1153’41‘
n,30) 22.00 1.n02R0 TTRS1 61155 {m, i) 36.00 [ 1.8664 1.35616 69225
h,33) 23.00 1.02499 80595 62468 1 1
h,34) 24,00 1.04854 837151 .63808 n= 7.0000
h,35) 25.00 1.07350 87150 .651Th
{h,36) 26.00 1.09988 90787 66563 EE’?S 5134% i'ﬂ?ﬁ” o.glgg(l)g 0'%7
(8,37} 27.00 112774 94683 L6797k (n:3§) 25.50 1.1597; 72126 .1&85]3
(n,38) 28.00 1.15726 .98858 69407 n,3k4) 26.50 1.B7570 . 76297 50173
o= 2.50° n,35) 27.50 1.5134, .80738 51849
6 28. . . B
o | mm | o | omw | oo | 2 | B3 | 1B | 23 | B
i,32) 22,25 1.05694 R GIUNEY 59147 (n,38 30.50 1.63807 L9586k .56949
i B ;3 gﬁ . gg i ggggz . gglg% . 20512 n, 32) 31.50 1.68%69 1.01583 58672
. . 82800 .61 2, . . .
1135) 25,25 1.1319% .86340 .63?29 i 7220 L1350 107680 bolo5
(n,41) 33.50 1.78161 1.14186 62148
1,36) 26.25 1.15983 .90127 L6456 n,k2} 34.50 1.83411 1.211%0 .63901
1,37) 27.25 1.1892% .99 66213 n,43) 35.50 1.88913 1.28548 65663
1,38) 28.25 1.22023% .98516 67691 1,44 ) 36.50 1.94679 1. 36475 L6Th3h
(1,39) 29.25 1.25286 1.03156 69188 (n,45) '37.50 2.00721 1.1hgkg 69214
7 = 3.00° n = 8.50°
3,31) 21.50 1.0819% 0.72700 0.55973 0,31) 4.5 1.46373 0.62008 0.42079
o EE | R CEE ) By 2 | e |
k) N . - - - - -
3,34 2h.50 115673 .81933 .60209 (o,31) 21.25 1.57675 ?Mm 7198
3,35) 25.50 118348 85602 61667 (0,35) 28.25 1.61815 79080 48928
ﬁa,;é) 26.50 121383 8952k 63145 go,%) 29.25 1.66153 . Buokg . 50668
vh ol ER | iem | o s | BE 32 LB | R |
3 . 1.27719 981 661 ) x5 1.75462 . 9hgT 54178
$a§59) 29.50 1sus | 10067 67691 20139) 32.85  1.B0h53 | 1.00984 3598
(J,%0 30.50 134729 1.08207 L6921, 0,40) B5 1869 1.07588 57726
go,ul 3h.25 1,91160 1.1h222 59513
. I o,ha¢ 35 1.96900 1.21516 .61308
k,531) 22,00 0.70093 0.52780 0,43, 36.25 2.02914 1.29306 63111
k,32) ) -T3297 -5h2k8 0,4k, 37-25 209218 1.37634 .6lige2
k,53) .T6T15 55736 a,45, BB 2.1582% 146537 L66THO
X, 5k) 5.0 .80365 “572h5 (0,46, 1| 3925 2.02748 1.56065 -68566
(k,35) 26.00 . 84262 58773 ] )
= 10.00°
gi, ;6(% gg-gg .88420 .goggg + L I .
s . . -61801 D,31} 50 1.55011 0.59578 0.39189
28 | g | e | BE 2| B CEE s
5 . . . 8 .
;“”‘” 2200 T | s | e R | Lemh s e
{x,41) 32.00 1 1.13820 68286 (p,35) 2.0 1.71851 l .TT432 | .u6232
n = 5.00° (p,36) 0.0 i.767{5 .22626 18016
.00 81523 . 8B R
21,51) 22.50 1.24018 0.68110 0.50008 ?;:353 ;z.oo 1.86/07 mﬁ .5?66“(;;
1,32) 25,50 1.26841 . TLh93 51541 p,39) 3B.00 1.92138 1.00328 -53418
1,33} 24.50 1.29812 75096 S53091 gp,uo) 34.00 1.978%6 1.0/024 55234
1,34 25.50 1.32939 78957 .5h659 '
1,35) 26.50 1.36228 83032 5624k




NACA TN 3322

TABLE III.- SECOMDARY-EXPANSION FLOW ~ Continued

(a) ve = 40° - Continued

v X L. x_ J_
Polut d:!g ycr ycr i Point ;;:g ycr ycr i
9 = 10.00° = Concluded n = 16,000 - Concluded
p,41) 35.00 2.03786 1.1%170 0.57058 s,46) lﬁ.oo 3,00323 1.64390 0.58023
,42) 36.00 2.10031 1.21799 58889 a,li'?g 0 3,11169 1.7695% 59973
P | e | BB | Ve | Bl || Gue | @ | 3aen | to%er | o
P . . . 8,49 . ! .
p:hs) 39.00 2.30627 1.h7984 64423 s,so; 47.00 3.47199 2.20775 L6581
p,46) 4o.00 2.38167 1.57961 66280 ,51} 48.00 3. 60404 2.37657 67803
(p,47) 41,00 2.46073 1.68645 68143 5,52 49,00 3.74501 2.55856 69768
1= 12.000 1= 18.00°
a,31) 26.00 1.66076 0.56397 0.35628 $,31) 29.00 1.97908 0, 46759 0.26289
Ik IR AR A A
3’,313 2900 | I.7o808 70064 RAT ét;}h) 52.00 | 216190 ~6azdg V32065
4,35) 30.00 1.84826 75209 42885 t,35) 33,00 2,22871 .68047 33998
q,553 31.00 1.90081 80685 4hms (t,36) 3%4.00 2.29872 STheTh 35935
q,37 32.00 1.95583 . 86515 46558 (£,37) 35.00 2.37208 -80919 37875
q,38) 33.00 201348 -92730 J48hos +,38) 36.00 2,14901 .88017 .39819
,39) 3k.00 2.07387 -99355 .50258 +,39) 37.00 2. 52&0 9560k L1766
(q,k0) 35.00 2.13713 1.06k23 52117 t,40) 38,00 2.61: 1.03717 316
36.00 2,2034% 1,13969 53982 gt,hl) 39.00 2.70318 1.12402 Us669
37.00 227291 1.22029 55853 +,42) 40.00 2.79645 1.2170% L7625
a,43) 38.00 2. 34575 1.30645 .5TT30 gt,ha) 41.00 2,892 1.31672 49584
a4 39.00 2.h2215 1.39862 59612 +,0k) 42.00 2.99739 1. k2366 251546
a,45) 40.00 2.50226 1.49726 .61499 (t,45) 43.00 3.10560 153843 -53511
(q,46) 41,00 2,58631 1.60293 .63392 +,46) 44.00 3,21943 1.66173 55479
2B e | e | nhEl | e || B | e | 2R | TGS | ke
Duod | oo | 286420 | 1i96796 <69008 ou9) | ur.00 | 359709 | 2-0%032 “Ei307
o +,50) 48.00 3. 75786 2.25570 63375
n= X
+,51 49.00 3.88530 243403 65355
r,31) 27.00 1.76825 0.5%228 0.32%28 +,52 go 00 &, 0koB3 262652 LBT337
r,32) 28. 00 1.81657 57709 SBULTT +,55 1.00 4.20494 2.834h2 69322
r,33) 29.00 1.86714 62470 36032
r,34) 30.00 1.92010 67533 V37894 1= 20.000
)| 200 | LT TSR 596 (w,51) | 3000 | 2.08420 | o.umuor | 0.23u86
u, .| o . .
r,36) 32.00 2.0%364 . 78663 41636 u;32) 31,00 2.14763 18388 .25435
DR B | il | Sher | AER || WF | B0 | e | B | ek
bed A . . 1_2 . u. A - .
r:39) 35,00 2.22499 Sem .W7290 ui}ﬁ) 3k.00 2.35657 5411 31301
r,40) 36.00 2.29497 1.05679 49185 56) 55,00 > 43303 mees 5322
u . . .
w4) | 3700 | 2368 | 1.3612 51085 ws7) | 3600 | 251320 mrse | -6
r,42) 38.00 2. 44526 1.22092 .52989 u,38) 37-00 259732 .Eéljh 37193
T,43) 39.00 2,52595 1.31164 u,%9) 38.00 2.68560 okool 39162
r,thg 3288 2.%1%!1533 1.4e8T77 56812 u,40) 39.00 277828 1 02471 J1sh
5 | 2,69 1.51279 0
= Sl §u,1+1) w.00 | 2.87%62 | 1.13523 43108
r,46) 42,00 2.79277 1.62432 60652 u,42) 41.00 2.97790 1.21228 5084
ol | e | demm | MESR | Gae | e | B | Gme | B8 | ke
r ! . 1 u I 3,19852 . .
r:h9) 45,00 3.10181 2. 01703; L6641 §u:1+5) 44,00 3.31751 1.548h7 51027
%) | M0 | 325 | 2.1 /68578 %) | 4.00 | 344279 | 1.67TTH 53013
u, . y . .
= 16.00 k) 46.00 5Tk 1.81686 55001
- 3’ ¥oo | 3AkR 1.96670 ‘55901
8,31) 28.00 1.87h01 0.50026 0.29229 h9) 48.00 .Béogg 2.1280% 58982
s,zzg §9.oo 1.95712 ?;gzg .313_}5 u,5o) 49,00 4,014 2.,30240 60975
0.00 1.982 . .330
2:;2) 31.00 2. cgmgo -6hg2h . 34909 ,51) 50..00 417814 2.49062 62970
s,35) 32.00 2,10200 .05k 36813 u, gg g%%(()) t 5;2650 % . gfggg .ggggg
u . 53261 . .
(s,36) 33.00 2.16588 16533 .38721 ’ 53.00 472515 3.15192 68967
5,37) 34,00 2.235281 .62918 40633 -
s,ggg ?208 2.50223 .g%gg ﬁ?{i n = 22.30°
s O 2,371 . .
s;ho) 37,00 2.45358 1.04782 46396 Ev,gg gé.gg g;gg,hgs o.igg% o.gg;gg
v - . . .
(s,b1) 38.00 2.53545 1.1309% 48325 v,33) 33.00 2.33116 50530 -227&5
5,42} 39.00 261929 1.21987 .50257 v,34) 3k.00 2.10688 56372 26722
8,U3) 40.00 2.70833 1. 21508 52193 7335) 35.00 2.48628 62614 .28702
5,44) 41.00 2.80184 1.lae .541%3
8,45) 42,00 2900004 1.52651 56076
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TABLE 111.- SECONDARY-SEPARATION FLOW - Continued

(dy vs = ko® - Continued

Po: vy X S vy X S
int deg Yer Yer ¥ Folnt deg Yer Yer ¥
n = 22.00° = concluded 5 = 26000 - concluded
(v,36) 36.00 2,56957 0.69285 0.30684 5.14978 2.65505 0.56084%
v,37) 37.00 2.656% . T6h22 32668 5.382L2 2.89345 .58113
v,38) 38.00 2.7487L . 8406k 365k 5.62928 3.152h4 60143
v539) 39.00 2.84508 92250 366l 5.8914 3.43405 .6217h
v, 40) 40.00 2,94631 1.01025 38632 6.17000 3. 74058 .64206
6.46634 4. 07458 66239
Sv, 51) k1,00 3.0527% 1.10%%0 Jhobek 6.78174 4.4%883 68272
v, 42) 42,00 3.16466 1.20548 RIT=5 k4 -
{v,43) 4300 3.,282h2 1.31%08 RIS RS n = 28.000
§V,M¢ 44.00 3.40640 1.43087 46609
v, 45) 4500 3.53698 1.55652 . 48608 ¥,31) 34.00 2.51593 0.28602 0.13279
¥,32) 35,00 2.60325 . 3hogh 15301
(v,h6) 46,00 %.67460 1.69184 50609 ¥533) 36.00 2.69487 39976 17323
v,lt-'[ 47,00 3,81970 1.83767 52611 534} 37,00 2,79113 L6284 19346
48.00 397276 1.99494 54615 ¥,35) 38.00 2.89229 53053 21370
v, l+9) 49.00 4,13U32 216470 . 56620
v,50) 50.00 4.304% 2.34809 .58627 (¥,36) 39.00 2.99864 .60321 23395
(v,37) 40.00 %,11048 .68129 25421
v,51) 51.00 L.48529 2.54636 60635 ¥,38) 41.00 3.22822 . 76526 27448
v,52) 52.00 4,67600 2.7609% 62645 ¥,39) 42,00 3,35219 . 85561 . 29476
v,55) 5%.00 4. 87TT9 2.99335 64656 ¥,40) 43.00 3, 48278 95289 31504
54.00 5.09143 3.24527 66668
v,55) 55.00 5.31777 3.51862 68682 y,4) ik, 00 3.62046 1.05773 33533
¥542) 45,00 3.76567 1.17077 235563
7 = 24.00° y,43) 46.00 3.91895 1.29277 37594
s ¥,4h) 47,00 408084 1.42454 .39626
w,31) 32.00 2.29691 0.36316 0.18209 (y,45) 48.00 4.25190 1.56695 Jn6s8
W,32) 33.00 237167 41580 .20201
w, 33) 34.00 245002 47200 22194 Ey,%% 49,00 4.43280 1.72099 L43691
35.00 2.53220 .5%208 24189 V4T 50.00 462420 1.88774 L5725
w, 35) 26.00 2.61845 59636 . 26186 (y,48) 51.00 4.82685 2.06839 Ja7759
gy,h-9) 52.00 5.04158 2.26427 979k
W,36) 37,00 2.70897 66516 28185 ¥,50) 5%.00 5.26927 247684 . 51829
w,37) 28.00 2.80%02 . 73885 30185
35,00 2.90389 .81786 .32187 (y,51) 54.00 5.51087 270772 53865
§ ,59) Lo.oo 3.00886 90262 3191 (¥,52) 55. 00 5.76746 295876 -55902
41.00 3,119k 36196 (¥,53) 56.00 6. 0401k 3.23193 . 579%9
¥y54) 57.00 6.3301k 3.52945 -59977
v, 41) 42.00 3,23538 1.09135 38203 ¥>55) 58.00 6.63882 3.85382 62016
w,42) 43.00 3.35762 1.196kh Jho21r
W,l*i) k.00 3.48638 1.30950 42200 ¥556) 59.00 6.96772 4.20789 . 64055
45,00 %3.62208 1.143125 L 4403] ¥557) 60.00 7.51835 k, 59467 66095
(w hs) 46.00 3,7651% 1.56242 R ¥,58) 61.00 7.69252 5.01767 68135
(w,46) 47.00 3.91608 1.70389 . 48257 1 = 30.009
W,47) 48,00 4.07540 1.85655 .50272
w48 49.00 L. 24367 2.02143 52288 §z, 31) 35.00 262882 0.24456 0.10923
w, b9} 50,00 k. k2150 2.19965 54305 z,32) 36.00 2.72294 30043 .12956
Ww,50) 51.00 4.60956 2,39245 .56323 (z,%3) 37.00 2.82179 36038 .14989
(z,34 38.00 2.92570 L2k79 .17022
w,51) 52.00 4.80856 2.60121 . 58342 (2,35 39.00 3.03502 . hgko2 19056
W,52) 53.00 5-01931 2.82747 60363
W,53) 54.00 5.24261 3.07289 62385 z,36) 40.00 3.15003 56848 21091
W, 5k ) 55,00 5.47937 3.33931 L6407 2,37) 41.00 3.27111 64861 23126
W,55) 56.00 5. 73061 %,62884 66431 z,38) 42.00 3,39868 T34k 25162
W,56) 57.00 5.99743 3.94384 68456 2,39) 43.00 3.53313 82798 -27199
z,40) 44.00 3.67492 .92832 .29236
7 = 26,000
(z,b1) 45,00 3.82456 1.03664 .3127h
(x,31) 33,00 2.50543 0.32548 0.15703 z,42) 46.00 3.98256 1.15%63 .33312
x,32) 34,00 2.48630 .37932 LAT7AL 2,43) 47.00 4.14952 1.28010 .35351
x,533 35.00 2.57111 43689 .19720 2,1th) 48.00 4.32607 1.41693 .37390
x,}»)-{-) 26.00 2.66%3 l;gﬁgg .2_17’?1 2,45) 49.00 451283 1.56505 39430
x,35 37.00 2.75361 . 2373
’ (z,46) 50.00 L. 71058 1.7255)4 .hak7o
38.00 2.85181 63535 25756 Ez, W) 51.00 L. 92008 1.89955 43511
39,00 2.95500 .TL128 27770 2,48 52.00 5.14218 2.0883%9 . 45552
gx, 38) 40.00 3.,06351 79281 .29786 §z,’#9) 53.00 5.37786 2,29%49 Lh75ok
x,39) 41,00 3.17767 .88041 31803 2,50) 54.00 562808 2.5164% 49636
(x,40) 42,00 3.29762 97456 -33821
z,51) 55..00 5.89397 2.75901 .51678
x,41) 4300 142435 1.07587 35840 z,52) 56.00 6.17679 3.02322 55721
x,42) 44,00 3.55767 1.18495 37860 z,53) 57,00 6. 47781 3.31120 5576k
X,43) 45,00 3.69824 1.30248 39881 2,54) 58.00 6.79843 3.62540 57808
2, 4h) 6.0 3.,84654 1.hoge2 41903 7,55) 59.00 7.14027 3.96857 59852
x,45) 47.00 k.00307 1.56598 -3926
(z,56) 60.00 T.50509 k. 34380 61897
x,46) 18.00 416841 1.71369 45950 (2,57) 61.00 7.89468 L 75kl3 -639k2
x,47) 49.00 k. 54310 1.8732 K775 (z,58) 62,00 8.31118 5.20435 65987
x,48) 50.00 %.52788 2,04598 50001 (2,59) 63.00 8. 75691 5.69793 68033
%,49) 51.00 4. 723539 2.23250 .52028
x,50) 52.00 4. 930k1 243543 .54056
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e Yo} 4300 i'g’fg 52009 (e} ,4) 53.00 1.53875 o0
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An | ghmeo | sgems | prac blee | o
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32 y . 1
b!52) %8 2.86270 0 ﬂ'ias% ﬁ'(%’ 3-% 0-03469 0.02086
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e S e S | B | i 1708 32904
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b 1053) .00 707730 2.85620 i (a5 1.00 B.55138 3.26613 -]?179
b5k 59.00 7 3.14837 ‘1}7380 (at.55) 62.00 9. 0280k 3.60041 ‘h5235
w2 | e T | 3% v 6.0 g | e s
. 81908 M q 43873 :
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Figure 2.- Concluded.
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